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A PHOTOMICROGRAPHIC METHOD FOR ESTIMATING THE 
QUANTITY AND DISTRIBUTION OF 
FAT IN MUSCLE TISSUE*” 


BURNADINE L. LEWIS‘, DOROTHY L. HARRISON, anp DEAN S. FOLSE 


Departments of Foods and Nutrition and Pathology, 
Kansas State College, Manhattan, Kansas 


(Manuscript received July 21, 1956) 


Flavor, juiciness, and tenderness are probably the most important prop- 
erties that contribute to the palatability of muscles from animals used for 
meat. It is agreed that the amount, distribution, and composition of the fat 
affect the flavor of both fresh and frozen stored poultry. Lowe (2) listed 
the finish and distribution of fat in poultry as factors which may influence 
its juiciness. Furthermore, muscle tissue well marbled with fat is associated 
with tenderness. An objective method for estimating the quantity and dis- 
tribution of fat in the histological study of muscle tissue would be of great 
usefulness. 

Wang et al. (3) asserted that it is not the total amount of fat in a 
muscle, but the way it is distributed throughout the muscle that affects tender- 
ness appreciably. They measured the “linear fat,” i.e., the longest axis of each 
fat island in raw microscopic sections of beef, and consistently found that the 
amount of “linear fat” in the sections of raw meat correlated well with the 
tenderness scores for the cooked samples. 

Although there are chemical methods for determining fat quantitatively, a 
method that provides information regarding fat distribution as well as quantity 
in muscle has apparently not been devised. Therefore, the study reported herein 
was initiated to: (a) devise a photomicrographic method for estimating the 
quantity and distribution of fat in muscle tissue; and (b) compare the photo- 
micrographic method with a numerical scoring method adapted from the method 
reported by Ramsbottom, Strandine, and Koonz (2) for estimating the quan- 
tity of connective tissue in muscle. 


MATERIALS AND METHODS 


Raw and cooked tissue from the pectoralis major and gluteus primus muscles of 
Broad-Breasted Bronze turkeys, fed a control ration and a control ration supplemented 
with xanthophyll, were used in this study. Small blocks of tissue, preserved in physio- 
logical salt and formalin solution, were frozen on a clinical microtome, and longitudi- 
nal sections 15 to 25 uw thick were cut. 

The sections were stained with Herxheimer’s scarlet red and Harris’ hematoxylin, 
and mounted in glycerine jelly. Herxheimer’s scarlet red imparted a bright red-orange 
to the fat, whereas Harris’ hematoxylin stained the muscle fibers bluish-purple. The 
connective tissue was a darker bluish-purple to grey. 


* Contribution No. 192, Department of Home Economics, and No. 147, Depart- 
ment of Veterinary Medicine, Kansas Agricultural Experiment Station, Manhattan. 

* The data are from a thesis presented to the Graduate Faculty by Burnadine L. 
Lewis in partial fulfillment of the requirements for the degree Doctor of Philosophy. 

* Present address: Prairie View, Texas. 
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A total of 1600 slides was prepared from 320 blocks of tissue; 160 raw and 160 
cooked samples were equally distributed between the 2 rations and the 2 muscles. Two 
sections were mounted on each of almost all slides. 


Numerical scoring method. The relative quantity of intramuscular fat was esti- 
mated by assigning a numerical score to each section. A score of 7, 5, 3, and 1 repre- 
sented a large, medium, and small quantity of fat, and no fat, respectively. All the 
sections prepared were scored in this manner, and an average score was calculated for 
each muscle from each bird. 


Photomicrographic method. Both the quantity and the distribution of fat in the 
muscles were estimated by a photomicrographic method. For this part of the study, 
100 sections of raw tissue were selected. These sections, 50 from the pectoralis major 
and 50 from the gluteus primus muscle were considered representative of, and were 
equally divided among, tissues from birds on the 2 rations. 


Commercial photomicrographic equipment was set up with the camera and micro- 
scope in a vertical position. Paper negatives (made by exposing contact paper) were 
made of sections prepared from muscle tissue. An ocular micrometer placed in the 
eyepiece of the microscope produced a pattern on the paper negatives at the same time 
that the exposure of the section of tissue was made (Figure 1). A 5 X ocular, a 47.5 X 
objective, and a bellows extension of 20 inches gave a magnification of 475 X. 


Figure 1. Photograph of a paper negative on which a pattern 


squares (.06 x .06 mm.) was produced by an ocular micrometer. The 
dark area in the center of the photograph is fat. 


° 


The size of the squares made by the ocular micrometer was determined by making 
a negative of a stage micrometer set at the magnification given above. The stage 
micrometer produced a pattern on the negative which, when superimposed on the 
paper negatives, showed that the area of the squares produced by the ocular microme- 
ter was 0.0036 square millimeter. 

A negative was made of a hemocytometer for the purpose of producing a pattern 
of squares of smaller size than those produced by the ocular micrometer. The large 
squares in the center of the hemocytometer are divided into 16 squares of equal size. 
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A 5 X ocular, a 10 X objective and a bellows extension of 12.25 inches used to photo- 

graph the hemocytometer produced on the negative a pattern of large squares of the 

same dimension as those made on the paper negatives by the ocular micrometer. The 

area of the small squares on the negative of the hemocytometer was calculated to be 
0.000225 sq. mm. 

By superimposing the negative of the hemocytometer on the paper negatives of 

P muscle tissue, the number of small squares filled with fat could be determined. The 

number of squares times the area of each square gave an estimate of the quantity of 

fat in a total area of 0.09 sq. mm. The number of large squares in which fat appeared 

(without regard to the quantity therein) was used as an indication of fat distribution. 


RESULTS AND DISCUSSION 


Numerical scoring estimate. A summary of the scores for the relative quan- 
tity of fat in sections of raw and cooked turkey muscle is given in Table 1. The 
scores suggest that there was no difference in the quantity of fat observed in 
sections of muscle from birds fed xanthophyll and birds on a control ration. 
Some difference in the quantity of fat was observed in the 2 muscles studied. 
It was estimated that the sections from the pectoralis major muscle contained 
a medium quantity of fat, whereas those from the gluteus primus contained a 
medium to large quantity, Table 1. The slightly larger estimated quantity of 
fat in the gluteus primus than in the pectoralis major agrees with data reported 
by Goertz, Vail, Harrison, and Sanford (1), who made similar observations. 


TABLE 1 


Average scores' for the relative quantity of fat in sections from raw 
and cooked turkey muscle. 


Muscle 


Pectoralis major 


4.5 4.3 
Cooked .. 48 $2 
Average . 4.7 48 
Gluteus primus 
Raw 6.6 6.0 
Cooked .. 6.2 5.7 


7—large quantity 
$—medium quantity 
3—small quantity 

1—no fat 


Photomicrographic estimate. Average values for the estimated quantity and 
distribution of fat in sections of raw turkey muscle as determined by the photo- 

. micrographic method are presented in Table 2. These data also indicate no 
difference in the calculated quantity of fat in sections from birds fed xantho- 
phyll and those on a control ration. This was substantiated by analysis of vari- 

‘ ance of the combined values for the 2 muscles, Table 3. There appeared to be 
a slightly greater calculated quantity of fat in the gluteus primus than in the 
pectoralis major muscle. This also was suggested by the numerical scores. 

The distribution of fat was somewhat different in sections from the pecto- 
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TABLE 2 


Average values obtained by the photomicrographic method for the quantity and 
distribution of fat in sections of raw turkey muscle 


| “Ration 
Muscle 


Xanthophyll | 


area/.09 sq. mm. major 
Gluteus 
primus 
Difference 


Quantity, | Pectoralis 0.040 
| 
| 
| 


Distribution, | Pectoralis 
% of .09 sq. mm. major 
areas showing fat | 
Gluteus 
primus 
Difference 


TABLE 3 


F values for the estimated quantity and distribution of fat in sections 
of raw turkey muscle 


Xanthophyll 
Factor vs. vs 
Control gluteus primus 


Pectoralis major 


Distribution.............. 


ns—nonsignificant 


ralis major muscle from that in sections from the gluteus primus. On the whole, 
the fat in the pectoralis major sections occurred in large clusters. Usually one 
or two clusters occurred in each section, and they tended to push the muscle 
fibers to one side. There was little fat, if any, in other areas of the sections 
from the pectoralis major, Fig. 2. Large and small groups of cells, well distrib- 
uted throughout the entire section, were characteristic of the fat distribution 
in the gluteus primus muscle. The fat cells in this muscle usually were lined 
up in narrow rows between the muscle fibers. These rows of fat cells continued 
from one end of the section to the other, and there were several rows in each 
section. The same pattern of fat distribution in these muscles from turkey was 
described by Goertz, Vail, Harrison, and Sanford (1). 

The photomicrographic method indicated, on the average, that fat was dis- 
tributed over a larger area (approximately 14%) in the gluteus primus than in 
the pectoralis major sections, Table 2. However, analysis of variance pointed 
out that differences between the values for areas showing fat in sections from 
the 2 muscles were nonsignificant. 

Similar results were obtained by estimating the quantity of fat with the 
numerical scoring and photomicrographic methods. However, it is believed 


4 
Control 
0.044 
| 0.057 
0.013 
63.3 71.1 
81.1 81.1 
=| § 178 10.0 
= = 0.40 ns 4.13 ns 
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Figure 2. Distribution of fat in the pectoralis major muscles. The 
large cluster of fat cells in the center of the photomicrograph have 
pushed the muscle fibres above the cluster out of alignment. Usually 
one or two such clusters of fat occurred in each section from the 
pectoralis major. 


that the photomicrographic method has certain advantages. When the photo- 
micrographic method is used, previous determination of the number of sections 
from a given population that should be examined to obtain valid data will reduce 
the number of slides required for study. The distribution of fat in tissue can 
be studied simultaneously with the estimation of the quantity of fat. Also, the 


Figure 3. Distribution of fat in the gluteus primus muscle. Many 
small groups of cells were well distributed throughout the section by 
forming continuous narrow rows of fat from one end of the section to 
the other. 


: 
: 
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photomicrographic method tends to eliminate human error encountered when 
an observer assigns an arbitrary score to an estimated quantity of fat in a 
section of muscle tissue. 


SUMMARY 


A method employing photomicrography was developed for estimating the 
quantity and distribution of fat in muscle tissue. An estimate of the quantity 
of fat in two muscles from Broad Breasted Bronze turkeys using this method 
was compared with results obtained when the fat in the tissues from these 
muscles was estimated by assigning numerical scores. Similar results were 
obtained by the two methods. However, the photomicrographic is more objective 
than the numerical scoring method and requires fewer slides than does the 
numerical scoring method. The distribution, as well as the quantity, of fat in 
the tissue may be determined by the photomicrographic method. 
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EFFECT OF XANTHOPHYLL ON THE PALATABILITY 
AND FAT STABILITY OF FRESH AND FROZEN 
BROAD-BREASTED BRONZE TURKEYS?" 


BURNADINE L. LEWIS, DOROTHY L. HARRISON, anp PAUL E. SANFORD 


Departments of Foods and Nutrition and Poultry Husbandry, 
Kansas State College, Manhattan, Kansas 


(Manuscript received July 21, 1956) 


The problem of fat rancidity in frozen stored poultry is of economic 
importance. Several attempts have been made to retard rancidity of poultry 
fat by including certain natural antioxidants or other metabolites in the ration. 
However, the results of such experiments have not been consistent. Criddle 
and Morgan (1), Kummerow, Vail, Conrad, and Avery (7), and Kummerow, 
Hite, and Kloxin (8) found that peroxide numbers of the fat from frozen 
stored turkeys were lowered by the addition of tocopherol to the ration, but 
tocopherol had little effect on the induction period of the fat or on the 
organoleptic quality of the meat. Also, Kummerow, Vail, Conrad, and Avery 
(7), Kummerow, Hite, and Kloxin (&), Hite, Kloxin, Kummerow, Vail and 
Avery (4), and Hite, Kloxin, and Kummerow (5) reported that choline and 
ethanolamine increased the induction period, but had no significant effect on 
the peroxide numbers of turkey fat or on organoleptic qualities of the meat. 
Moreover, Klose, Kummerow, Goertz, and Hanson (6) stated that the in- 
corporation of ethanolamine, tocopherol, pyrodoxin, calcium pantothenate, 
mono-ethanol-ammonium gallate, and betaine in the diets of Broad-Breasted 
3ronze turkeys for 20 days prior to slaughter did not improve the frozen 
storage stability of the fat. Likewise, Schreiber, Vail, Conrad, and Payne (10) 
were unable to produce a definite improvement in the stability of poultry fat 
by the addition of ascorbic acid to the ration. 

Mecchi, Pool, and Klose (9) found that when chickens and turkeys were 
fed a basal diet supplemented with 0.10% alphatocophery] acetate, the stability 
of the depot fat was increased two- to three-fold for the chicken fat, and 
four- to six-fold for the turkey fat when compared with fat from control birds. 

The failure of the inclusion of these antioxidants or metabolites in the 
ration to give conclusive evidence for improvement of the stabilization of 
turkey fat has led to a continuation of research in this area. Xanthophyll has 
been shown to functon physiologically like the tocopherols. It is possible, 
therefore, that xanthophyll may exhibit antioxidant properties. Accordingly, 
the present study was designed to determine the effect of xanthophyll, in the 
ration of immature turkeys, on the palatability and fat stability of frozen 
turkey halves. Histological studies were made to determine the effect of 
xanthophyll, if any, on the characteristics of and the amount and distribution 
of fat in the tissue from two turkey muscles. 


* Contribution No. 191, Department of Home Economics and No. 222, Department 
of Poultry Husbandry, Kansas Agricultural Experiment Station, Manhattan. 

* The data are from a thesis presented to the Graduate Faculty by Burnadine L. 
Lewis in partial fulfillment of the requirements for the degree Doctor of Philosophy. 


| 


8 BURNADINE L. LEWIS, DOROTHY L. HARRISON, AND PAUL E. SANFORD 


MATERIALS AND METHODS 


Turkey rations. Broad-Breasted Bronze turkey hens reared in 1952 and 1953 were 
fed a standard starter ration until the poults were 3 weeks of age, a 28% colorless 
turkey starter between 3 and 12 weeks, and a 24% colorless turkey grower from 12 to 
17 weeks of age. In the first experiment (1952) all turkeys were fed a 20% colorless 
turkey grower from 17 to 20 weeks of age. At the end of 20 weeks the turkeys were 
divided into 2 groups. The control group continued to receive a colorless ration which 
contained 16% of protein. The experimental group received the same ration supple- 
mented with 1% xanthophyll concentrate for the last 6 of the remaining 8 weeks. The 
guaranteed analysis of the xanthophyll concentrate was: 300 International chick units 
of vitamin D per gram, 1500 U.S.P. (XIV) units of vitamin A per gram, and 136 
International units of vitamin E per pound. 


In 1953 the turkeys were divided into 2 groups at the end of 16 weeks. The control 
group was treated the same as the 1952 control group for the remaining 12 weeks. The 
experimental group received the same basal ration as that of the 1952 experimental 
group plus 1% xanthophyll concentrate from 16 weeks of age to the end of the feeding 
period. In both experiments the birds were slaughtered after 28 weeks 

Killing and dressing. In 1952, 10 hens from each group of birds were debrained, 
then bled by the “inside stick method.” The birds were given a slack scald, 124° F. 
(51.1° C.), for 30 seconds, and were partially picked by a “rotary drum type” auto- 
matic picker. After this treatment the remaining feathers and pin feathers were re- 
moved by hand. After singeing and washing the birds were chilled for 12 hours at 34° 
F. (1.1° C.), then eviscerated and washed again. In 1953 the turkeys were killed and 
eviscerated at a local commercial locker plant. 

Preparation for storage. The birds were cut in half lengthwise with the breast 
bone left on the right side (turkey back up and head away from the cutter). In 1952, 
7 birds were cut in half when fresh, and the remaining 13 were cut in half after 4 months 
of storage. In 1953 all birds were cut in half when fresh. 

Both years, 4 half birds from each group were wrapped loosely in aluminum foil 
and placed in a refrigerator maintained at 38° F. (3.3° C.) until cooked. The turkey 
halves to be stored were wrapped in foil, sharp frozen, and held at 0° F. (-17.8° C.) at 
a commercial locker plant. 

Cooking tests. The half turkeys were cooked when fresh, i.e., without freezing, 
and at the end of 4, 8, 12, and 16 months of frozen storage. The 8 halves which were 
evaluated fresh were roasted on the second and third day following the time of killing. 
At the end of each storage period 8 half turkeys were defrosted in a refrigerator at 
38° F. (3.3° C.) for 48 hours before roasting. These samples were randomized so that 
both rations were represented an equal number of times at each cooking period 

The half birds were cooked on racks (cut side down) in individual pans. A piece 
of aluminum foil was placed under the cut side to prevent drying. Birds were roasted 
at 300° F. (148.9° C.) either to an internal temperature of 185° F. (85° C.) with the 
thermometer placed in the thigh or until they had remained in the oven 26 minutes per 
pound, whichever was the longer cooking period. Volatile, dripping, and total cooking 
losses were determined for each half bird. 

Palatability tests. A palatability committee of 8 members scored the pectoralis 
major (light meat) and gluteus primus (dark meat) muscles from the breast and thigh, 
respectively, for flavor, juiciness, and tenderness, and the meat remaining on the turkey 
carcasses for aroma. Each judge was given a sample from the same position in every 
pectoralis major and gluteus primus muscle. Scores for each factor ranged from 10 to 1 

with 10 representing the highest possible score and 1 the lowest. Tenderness scores 
were based on the number of chews required to completely masticate a piece of turkey 
of standard size. 

Objective tests. Shear values and press fluid yields were measured by the Warner- 
Bratzler shearing apparatus and the Carver laboratory press, respectively. One-inch 
cores from the cooked pectoralis major muscle were used for the shearing tests, and 
two 25 g. samples of the cooked ground muscle were used for press fluid determinations. 

The fat in the drippings from each half turkey was analyzed for free fatty acids 
and peroxide oxygen. The drippings were held at -20° F. (-28.9° C.) from 1 to 2 weeks 
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then they were defrosted at room temperature and placed in the 


freezer just long enough for the top layer of fat to solidify. 

The method for determining peroxide oxygen was a modification of that described 
by Watts and Peng (11). Ethylene dichloride was the extraction solvent and the 
ied to 3 minutes as suggested by Watt, Hall, Mackintosh, 
hylene dichloride extract was used to titrate free 


before analyzing; 


extraction time was extenc 
and Vail (zo). An aliquot of the et 
fatty acids in neutral alcohol. 

Statistical analyses. The data for the 2 experiments (1 
turkeys reared in 1952 received xanth phyll for a shorter time 


153. Scores for flavor, juiciness and tenderness of the turkeys 


952 and 1953) were analyzed 


separately, because the 


than those reared 


were analyzed follow 
were analyzca « 


79 


cles 


yw (light meat) and gluteus primus 
tect of feeding xanthop! yll on the f a , and 
-ores for each muscle, but wi t regard for the ration 


» light and dark meat. When there were significant 
» time, ration 


nteractions between ration an | storage 
two-way tables of means were analyzed by 


ditterences int: tiects ant 


e time and muscles, 


and muscles, or st 


Trak 


least significant differences. 

Other criteria for measuring the quality of the turkey were: aroma scores, acid 
numbers and peroxide values for fat in the drippings from roasted half-birds, percent- 
total cooking losses, and press fluid yields and shear values for the pectoralis major 


analysis for these factors was: 


age 


muscle. The 


Sources of Variation /F 
RatiON 
Storage period -... 
Ration x storage..-.----- _4 
Turkeys -.... ..30 


Total 


RESULTS AND DISCUSSION 


Palatability tests. Flavor. Mean scores for flavor, juiciness, and tenderness 
of birds fed xanthophyll and those on the control ration as well as flavor scores 
for the pectoralis major (light meat) and gluteus primus (dark meat) muscles 
An array of the mean scores for the 1952 birds and calcu- 
showed that at every storage period turkeys 
on the control ration, 


are given in Table 3 
lation of least significant differences 
; fed xanthophyll had slightly higher flavor scores than those 
but only at the 12-month storage period was the observed difference statistically 
1953 the xanthophyll birds scored significantly (P<.05) 
sonths of storage. At 0 and 16 months of storage the 
anthophyll birds, but the differences were 
and the variability in the average 


significant, Table 1. In 
F higher after 4 and 12 n 
control birds rated higher than the x 
not significant, Table 1. The small differences 


| 
= 
/ 
 Variati D/F 
Sources of Variation 
Storage peri d. 
Mu cle 4 
Ration x storage : | 
Ration x muscles 
Storage x musci 
— 
Remainder ..... 
Total ..... 
Scores for the pectoralts ma 
led to study the 
were t y 
tenderness of the turkey. 
« 1 for comt re 
e 
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flavor scores indicate that the inclusion of xanthophyll concentrate in the ration 
had little effect on the flavor of the turkey meat that was of practical importance. 
In both experiments flavor scores for the pectoralis major were significantly 
(P<.05) higher than those for the gluteus primus. The difference in the flavor 
of these two muscles increased with 12 or more months of storage, Table 1. 


TABLE 1 


Mean flavor, juiciness, and tenderness scores. Maximum score possible, 10 


Storage time in months 


Factor Year 


4 


Flavor 1952 . | 8. | 8. 7.8 
ns 
7.5 


Juiciness 


1 
*| 68 
° ns 
ns | 7.4 6.6 
Isd 
| *=0.34 
| | | | 
| 1953 | Xanth. | 83 ns | 8.0 6.5 
| Cont. ns * | ns * ns 
84 *173 66 
Isd | *=0.38 
| 1952 | PM */83 * 179 ns/80 76 
| GP /|83 */76 */74 ns/72 58 
| | Isd *= (0.34 | 
1953 |PM |86 */77 */81 */66 *| 73 
i ns * 
| cp | 75 ns | 75 ns| 57 
* 
| isd | *= 038 | | 
| 
| | 
| 1952 | Xanth. |75 */71 ns/73 */69 *| 59 
| ns ns ns | ns 
| Cont. | 7.7 * | 7.3 ns | 7.1 * 66 58 
| Isd | *=0.24 | | | 
} | 
| 1953 | Xanth. | 74 * 66 ns | 68 ns|71 *| 63 
ns | ns |? | ns 
| Cont. | 76 *{65 ns/63 *| 6.1 
Isd | *= 0.34 | | 
| 19532 | PM */|74 ns | 77 *| 61 
| * | * | * | ns 2 
GP 74 ns|70 ns|67 *| 86 
Isd | *=0.39 | | 
| | } 
| 1953 | PM |75 */65 ns|68 *|74 * 66 
| ns | ns | 
GP 166 64 57 
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Table 1 Concluded 


Storage time in months 


Isd 
Tenderness Xanth. 
Cont. 
Isd | *=— 0.36 
Xanth. 88 ns 
Cont. 8.3 


Isd 


Legend 
Xanth.— Xanthophy!l 
Cont.—Control 
PM—Pectoralis major muscle (light meat) 
GP—Gluteus primus muscle (dark meat) 
ad Significant at the 5% level 


Juiciness. In general, the juiciness scores were about the same for xantho- 
phyll as for control birds. The decline in juiciness scores during storage was not 
linear. However, in both experiments the significant decrease in average juici- 
ness scores occurred at the same time for xanthophyll and control birds, Table 1. 
Mean juiciness scores for the pectoralis major muscle were slightly higher than 
those for the gluteus primus, except after 4 months of storage in 1953, Table 1. 
The observed differences were significant (P<.05) in 1952, but non-significant 
in 1953. Even though these differences for 1952 birds were statistically signifi- 
cant they probably are not of practical importance. 

Tenderness. The feeding of xanthophyll concentrate did not improve the 
tenderness of the turkey meat. Similarly to the other palatability factors, tender- 
ness scores were much the same for meat from the xanthophyll and control 
birds, Table 1. Tenderness scores for the pectoralis major and gluteus primus 
indicated that the palatability committee found little consistent difference in 
the tenderness of these muscles, Table 1. In 1952 the fresh meat of the pecto- 
ralis major was scored significantly | P<.05) higher than the gluteus primus, 
but after 8 months of storage the opposite was true. At all other storage periods 
differences in the tenderness of the two muscles were non-significant, Table 1. 


11 
4 Factor Year Variable |— 
7 0 4 8 12 16 
85 ns | 88 8.5 
ns ns ns ns 
86 ns 86 83 ns 8.4 
85 ns | 86 ns! 84 ns 8.2 
ns ns ns 
| *=0.32 
1952 PM 9.3 89 85 ons/| 82 ons 8.5 
ns ns ns 
GP 88 ns 89 * | 9.4 * 84 ns 8.3 
Isd *=— (0.36 
1953 PM 8.5 * | 82 * | 8.5 * 8.0 . 8.3 ' 
ns ns ns 
GP 85 ns | 87 ns | 88 * 84 bd 8.0 
Isd *=60.32 
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In 1953 the gluteus primus was significantly (P<.05) more tender than the 
pectoralis major after 4 and 12 months of storage, whereas the pectoralis major 
was the more tender after 16 months. No significant differences between the 
two muscles were observed at 0 and 8 months of storage, Table 1. 

Aroma. In both 1952 and 1953 analyses of variance of the scores for indi- 
vidual birds showed no significant differences in aroma that were attributable 
to the ration. Mean aroma scores are given in Table 2. These scores for birds 
reared in 1953 decreased slightly more during storage than those for birds 
reared in 1952. For the 1953 birds fed xanthophyll the significant (P<.05) 
decreases in aroma occurred between 0 and 4, 8 and 12, and 12 and 16 months. 
Aroma scores for 1953 birds on the control ration decreased significantly 


TABLE 2 


Mean aroma scores’ for and acid numbers and peroxide values of fat in the drippings 
from roasted turkey halves 


Storage Xanthophyll Control 
time in 
months 1952 1953 


0 8.2 8.6 
ns | 
4 8.0 7.4 
ns ns 
8 7.9 7.9 
ns 


7.7 6.9 
* 


* 


6.7 6.1 


Oo 
N 
+ 


*0.49 


1.716 
1.882 


1.376 

1,292 

1.938 2.064 

1.968 1.668 
* * 


7.112 4.689 


aouwn 


*1.54 1.54 


Peroxide 
Value’ 52.60 47.88 
* 
95.38 93.20 
112.54 95.87 
97.64 7. 92.34 
* 


115.61 : 116.90 


*21.04 21.04 


1 Maximum score possible, 10. 

2 Expressed as mg. KOH /g. of fat. 

* Expressed as ml. of N/2000 sodium thiosulfate/g. of fat. 
* Significant at the 5% level. 

ns—non significant. 


1953 
Aroma 8.4 8.2 
ns 
8.4 7.6 
s ns 
7.6 7.4 
ns 
} ns 
16 PS 6.6 6.2 
Isd — | || 0.49 0.74 
Acid 
Number’ 0 1.782 
4 2.178 
8 1.392 
12 1.530 
ns 
16 | 1.492 
Isd 
81.85 
ns 
82.89 
95.16 
104.95 
ns 
| 
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(P<.05) between 0 and 4 and 8 and 12 months of frozen storage. In 1952 the 
scores for xanthophyll birds did not decrease significantly (P<.05) until after 
12 months of storage, whereas those for birds on the control ration decreased 
significantly (P<.05) between 4 and 8 months, and again between 12 and 16 
months of storage. 

Chemical tests. Acid numbers and peroxide values. Acid numbers and 
peroxide values were determined for the fat in the drippings from roasted 
half-turkeys. These data are presented in Table 2. There were no differences 
in acid numbers that could be accounted for by the inclusion of xanthophyll in 
the ration. On the average, the acid numbers for the fat in the drippings from 
birds on both rations and in the two experiments increased with storage time. 
However, the increase in acid numbers was not always linear. Statistical analy- 
sis pointed out that the only significant (P<.05) increase in acid numbers 
occurred in drippings from 1952 birds on both rations between 12 and 16 
months of storage. 

Differences in peroxide values for fat in drippings from birds fed the 
rations were non-significant. In 1952 the peroxide values for both xanthophyll 
and control birds increased significantly (P<.05) between 0 and 4 and between 
12 and 16 months of storage, but those from birds reared in 1953 showed no 
significant increase as storage time progressed, Table 2. It is recognized that 
cooking per se caused the development of peroxide oxygen in the fat. However, 
it was observed that the initial values were much higher for the 1953 birds than 
for those reared in 1952. On the other hand, the increase in the mean peroxide 
numbers between 0 and 4 months were higher in 1952 than in 1953, Table 2. 
No explanation can be given for the high initial peroxide values for fat in the 


2 


drippings from 1953 birds. 

Objective tests. Cooking losses. Average total cooking losses for xantho- 
phyil and control birds reared in 1952 and 1953 are given in Table 3. Cooking 
ected by the ration fed. Analysis of variance 


losses were not significantly aff 
indicated that in 1952 frozen storage over a 16-month period caused a signifi- 
cant (P< .001) increase in cooking losses, whereas in 1953, 16 months of storag« 
brought about a significant | P<.001) decease in cooking losses. Least signih- 
cant differences pointed out that in 1952 the variation in total cooking losses 
for the birds fed the xanthophyll could be attributed to the significantl) 
(P<.05) greater losses for birds held in frozen storage for 4 months than 
those for fresh birds. Storage beyond 4 months did not affect significantly the 
total cooking losses from these birds, Table 3. The total cooking losses for 1952 
birds on the control ration were not affected significantly until after 8 months 
of storage, Table 3. In 1953 the total cooking losses for birds on both rations 
were significantly (P<.05) less after 4 months of frozen storage than they 
were for fresh birds. At each storage period up through 12 months the cooking 
losses for the 1953 birds continued to decrease significantly (P<.05), Table 3 
No explanation can be given for the fact that frozen storage increased the 
cooking losses of the birds in one experiment and decreased those of the birds 
in the other experiment. 

Press fluid yields. Mean press fluid yields from the pectoralis major muscle 
are presented in Table 3. The incorporation of xanthophyll in the ration had no 
significant effect on the volume of press fluid. In general, the volume of press 
fluid increased significantly (P<.001) between 0 and 16 months of storage. 


‘ 
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TABLE 3 


Mean cooking losses, press fluid yields, and shear values 


Storage Xanthophy! 
time in - 
months 95 1953 


Total o | 25.6 
Cooking 
Losses, % 


Press fluid 
m1/25 g. 
PM 


Shear 
value, lbs. 
PM 


* Significant at the 5% level. 
PM—Pectoralis major muscle. 


Calculation of least significant differences for storage means indicated that 
in 1952 birds on both rations cooked after 4 months of frozen storage yielded 
significantly (P<.05) more press fluid than fresh birds, Table 3. Further 
storage of the xanthophyll fed birds did not significantly change the volume of 
press fluid, but the control birds yielded significantly (P<.05) less press fluid 
after 12 months than they did at 4 and 8 months of storage, and finally there 
was a significant (P<.05) increase in the volume of press fluid between 12 
and 16 months of storage. In 1953 the volume of press fluids increased rather 
uniformly during 16 months of frozen storage. 

Juiciness scores were lower for frozen than for fresh turkey. The relation- 
ship between greater press fluid and lower juiciness scores for frozen than for 
fresh meat was discussed by Hall et al. (3). These authors pointed out that as 
a result of freezing there may be a decrease in the water-holding capacity of 
muscle tissue; thus, the press fluid yield would increase after freezing. They 
also postulated that the rapid removal of meat juices by chewing would soon 


1952 | 1953 
18.4 22.2 
ns 
19.2 26.9 
ns “ ns 
20.9 19.9 20.9 
' 12 25.2 15.9 26.8 15.5 
ns ns ° ns 
16 25.1 15.7 23.1 17.5 
| Isd | *=3.34 | *=273 | *=334 | *=273 
0 8.4 8.3 88 8.5 
ns ns 
4 9.5 8.6 9.7 8.8 
ns s ns ns 
8 8.9 9.8 94 | 9.4 
ns ns 
12 8.2 10.0 8.1 10.4 
ns ns ns 
16 8.9 10.7 94 10.9 
isd | *=0.76 | *=073 | *=076 | *=073 
0 10.3 9.0 105 | 107 
4 | 12.3 12.2 9.3 14.0 
108 11.6 10.6 11.7 
12 98 12.7 9.7 12.1 
| 16 10.7 12.4 10.5 10.7 
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leave a tasteless and apparently dry residue of tissue in the mouth. Therefore, 
the palatability committee would score the meat low for juiciness. 

Correlation coefficients for the volume of press fluid and juiciness scores 
were positive, but non-significant for the 1952 (r = 0.187) and the 1953 
(r = 0.210) data. Goertz, Vail, Harrison, and Sanford (2) found the same 
relationship between the volume of press fluid and juiciness scores for the 
pectoralis major muscle. 

Shear values. Mean shear values for the pectoralis major muscle are shown 
in Table 3. Analysis of variance indicated that there were no significant differ- 
ences in tenderness, as measured by shear force, that were attributable to the 
feeding of xanthophyll in either 1952 or 1953. Furthermore, frozen storage 
had no significant effect on the shear values for this muscle. The extremely low 
correlation coefficient (r = —0.033) for tenderness scores and shear values of 
the pectoralis major muscle was non-significant for the 1952 birds. This factor 
(r = -0.343) was significant (P<.05), but still low, for the 1953 birds. 

Histological study. There were no differences observed in the structure 
of the fibers in muscles from birds on the two rations. Also, the appearance of 
the intramuscular fat of the raw and cooked samples from the pectoralis major 
and gluteus primus muscles of both xanthophyll and control birds was similar. 
In general, most of the fat cells were small to medium in size. Many empty 
cells were observed in the cooked tissue of all samples, but few were found in 
the raw tissue. The effect of feeding xanthophyll on the amount and distribution 
of fat in these tissues will be discussed in another paper. 


SUMMARY 


}road-Breasted Bronze turkeys were fed a basic type ration supplemented 
with 1% xanthophyll concentrate for 6 and 12 weeks prior to slaughter in 1952 
and 1953, respectively. In both experiments these birds were compared with 
turkeys that received only a basic type ration. Data were collected for fresh 
turkey and after 4, 8, 12 and 16 months of frozen storage to measure the palat- 
ability, fat stability, and cooking losses of the turkeys, and for the histological 
structure of the pectoralis major and gluteus primus muscles. 

In both experiments there were no significant differences in cooking losses, 
juiciness, and aroma of the turkeys; in the shear values for the pectoralis major 
muscle ; or in the acid numbers and peroxide values for fat in the drippings 
from roasted half-birds that could be attributed to the inclusion of xanthophyll 
in the ration. Also, the differences in the flavor and tenderness scores for the 
birds on the two rations were small, and although at a few periods during each 
experiment they were statistically significant, they were not considered to be 
of practical importance. 

In general, the pectoralis major muscle was scored higher in flavor than the 
gluteus primus, and the difference in the flavor of the two muscles increased 
with increased storage. The differences between these two muscles in juiciness 
and tenderness were not consistent. 

Frozen storage adversely affected the aroma, flavor, tenderness, and juici- 
ness scores for the turkeys, but the decline in juiciness and tenderness scores 
with storage was not linear. Shear values were not affected by frozen storage, 


— 
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whereas, in general, press fluid yields from frozen turkey were greater than 
those from the fresh birds. 
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THE EFFECTS OF OVEN pony aguerscanprae ON CERTAIN 
CHARACTERISTICS OF BAKED SALMON® 
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Effects of oven temperature on cooking losses and palatability of baked 
Chinook salmon steaks have been reported (1). The present paper reports 
an extension of the study of the effects of oven temperature to larger pieces 
of fish. As in the previous work, the cuts of n were baked at four 

7 


ifferent oven 


of salmon were studied histologically. 


EXPERIMENTAL PROCEDURE 


Preparation of the cuts of fish. Fresh Silverside salmon (Onx ae us ki 
ls. ‘Each fish was 


were purchased locally. The fish varied in weight from 8 to 11 ¢ 


1 from the 
4 tiie 


divided into four parts of approximatel 


the cat onde 
in, the second cut ended 


ay to the dor 


at the ventral fin and near the center of the dorsal fin, the t third cut included the area 


region of the pectoral fin and the gills 


from the center of the dorsal fin and the ventral fin to near the anus, and the fourth 
section included the remainder of the > fish to the caudal fin. In the material that follows, 
these parts will be referred to as A, B, C, and D, respectively. 

The amount of body cavity in the 4 sections affected the size and shape of each 
piece, and the configuration, in turn, influenced the rate of heat penetration. The indi- 
vidual cuts for the eight replications ranged in weight from 651.5 grams to 1060.6 
grams. The average weight of the cuts used for each of the four oven temperatures 
are given (Table 1) 

Baking. Cuts of fish were placed on pot-roasting racks resting on shallow baking 
pans and were baked simultaneously in four household electric ovens at 350° F., 
400° F., 450° F., and 500° F. Baked fish were removed from the oven when the internal 
temperature reached 70° C. (158° F.) and the rise in internal temperature after removal 
from the oven was noted 
Testing. As in the previous work with salmon steaks (1), cooking losses were 
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TABLE 1 


Effects of Oven Temperature on Cooking Time for Baked Salmon’ 
Internal 70°C. F.) 


Grams Minutes Minutes 
350 71.0 830.5 66 36 
400 71.6 805.2 56 32 
450 72.4 842.6 51 28 
500 72.7 803.4 42 24 


Based on eight replications 
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( rip, and (total COOKINg losses were determined, pre ss fluid determinations 
were maame on cooked salmon and the baked fish were rated for palatability 
by a panel of six judges. In addition, raw and cooked samples from each cut 
af 
= 
Maximum Baking Time 
j Oven | Interna | Weights of Roasts 
Temperature Temperature | | Total Per Pound 
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measured, press fluid determinations were made and the samples were evaluated 
organoleptically by a panel of six judges. 

Two 4x4 latin square designs were used for the experiment giving 8 replications 
for each of the 4 oven temperature treatments. For the statistical analysis, the ranks 
of the fish baked at the 4 oven temperatures were transformed into normal scores, 


using Table XX, Fisher and Yates (2). 

Histological Study. Samples for histological sections were taken from both raw 
and cooked fish. Samples were removed from the area adjacent to those used for palata- 
bility and fixed in physiological salt and formalin solution. Longitudinal sections were 
cut 20-35 microns thick on a freezing microtome and stained with Van Giesen’s, 
Harris’ hematoxylin and Herxheimer’s scarlet red to differentiate the collagenous con- 
nective tissue, muscle fibers and fat cells. The stained tissue was mounted in glycerine 


jelly. 
RESULTS AND DISCUSSION 


Baking time. Temperature of the fish at the beginning of the cooking 
period varied from 9° C. (48° F.) to 14° C. (59° F.). The time required to 
bake the salmon cuts varied as follows: 40 to 76 minutes at 350° F., 50 to 65 
minutes at 400° F., 45 to 59 minutes at 450° F., and 39 to 46 minutes at 500° F. 
The average of the total baking time for the cuts baked at each of the 4 oven 
temperatures and the average baking time in minutes per pound are given 
(Table 1). The average baking time per pound per part was as follows: 27, 29, 
31, and 29 minutes for parts A, B, C, and D, respectively. 

Although all cuts were removed from the oven when the fish had reached 
an internal temperature of 70° C., there was a variable rise in internal tempera- 
ture depending upon the cut of fish and the baking temperature. Cut C, which 
was the most compact, had the highest rise in internal temperature. The rise 
in internal temperature increased with increasing oven temperature (Table 1). 
The average rise in internal temperature for all cuts and all treatments was 
1.9° C. or 3.4° F. 

Appearance and behavior during baking. The 4 oven temperatures 
caused marked differences in the appearance of the fish as well as in its 
behavior during baking. At the two lower oven temperatures the cut surface of 
the baked fish was covered with a moist white coagulum and the fish appeared 
plump with little or no evidence of shrinkage. Browning of the cut surface, 
shrinkage of the flesh and blistering of the skin, all observed at 450° F., were 
quite marked at 500° F. At 500° F. the oven was spattered, the drippings were 
charred and the smoke was appreciable. These were less pronounced at 450° F. 
and were not observed at the two lower baking temperatures. 

Cooking losses. Percentages of evaporation, drip, and total cooking 
losses from salmon baked to an internal temperature of 70° C. (158° F.) at 
each of the 4 oven temperatures are given in Table 2; for each of the 4 cuts 
in Table 3. 

(1) Evaporation. Average cooking losses due to evaporation increased 
significantly with increasing oven temperature (p<0.01). Losses at the four 
oven temperatures and the minimum significant difference are included in 
Table 2. An increase in oven temperature of 100° (from 350° F. to 450° F. 
and from 400° F. to 500° F.) caused significant increases in the percentage 
of evaporation during baking. In the previous work with one inch salmon 
steaks differences in evaporation losses associated with oven temperature were 


not significant. 
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TABLE 2 
Weight Losses During Baking at Different Oven Temperatures of 
Two Pound Cuts of Salmon 


Internal Temperature 70°C. (158°F.) 


Cooking Losses" 


Oven Temperature 


Evaporation Drip Total 


% % % 

350 13.36 0.99 14.34 
400 - 15.54 0.56 16.14 
16.99 0.49 17.51 
aaa 18.25 0.38 18.64 


F value....... 14.09** 


Minimum significant 
difference at the 1% level 2.33 0.28 2.48 


** p< 0.01. 
1 Based on eight replications 


TABLE 3 
Weight Losses During Baking of Different Cuts of Salmon 
Internal Temperature 70°C. (158°F.) 


Cooking Losses’ 


Evaporation Drip Total 

% % % 
16.95 0.61 17.58 
16.65 0.60 17.26 
ee 16.76 0.52 17.31 


13.78 0.68 


7.31%* 6.04** 


0.83 


F value 


Minimum significant 
difference at the 1% level... 2.33 2.48 


** p< 0.01. 
1 Based on eight replications 


Percentage of evaporation varied significantly with the part of the fish 
(p<0.01). Evaporation loss from part D was significantly less than that 
from the other three parts, no doubt because the former had so much skin and 
relatively little cut surface. In addition, evaporation loss varied significantly 
from fish to fish (p<0.05). 

(2) Drip losses. The percentage of drippings decreased with an increase 
in oven temperature (p<0.01). Dripping losses at the 4 oven temperatures 
and the minimum significant difference are included (Table 2). The percentage 
of drip at 350° F. was significantly greater than that at the other 3 temperatures. 
Greater evaporation of moisture from the pan and greater decomposition of 

organic constituents could account for the smaller amount of drip from fish 
baked at the higher oven temperature. In the previous work with salmon 

steaks, the highest oven temperature resulted in a significantly higher per- 
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centage of drippings. Apparently, due to the shorter cooking time, the amount 
of drip squeezed out of the steak was more important than the weight lost 
by evaporation from the cooking pan in determining the weight of drip. 

(3) Total. Total cooking losses increased significantly with oven temperature 
(p<0.01). The total cooking losses for each treatment and the minimum 
significant difference are included (Table 2). An increase from 350° F. to 
450° F. and from 400° F. to 500° F. caused significant increases in total 
cooking losses. In the previous work with steaks, differences in total cooking 
losses associated with oven temperature were not significant. 

Total cooking losses also varied with the part of the fish (p<0.01). Total 
losses for each part and the minimum significant difference are included 
(Table 3). The total cooking loss for part D was significantly less than that 
for the other three parts. In addition, total cooking losses varied significantly 
from fish to fish (p<0.05), as was the case in the earlier work with baked 
steaks. 

Press fluid. The percentage of press fluid from the baked salmon did 
not vary significantly with oven temperature, which was also true for the steaks 
in the previous study. 

Organoleptic tests. As was true in the earlier work with salmon steaks, 
analysis of the transformed scores failed to reveal any significant differences 
in palatability which were associated with baking temperatures. The judges 
detected differences in palatability among the parts of the fish, however. 
The average normal scores for the 4 different cuts of salmon, disregarding 
oven temperature, are given (Table 4). The flakiness of the fish varied 
significantly with the part (p<0.01). Minimum significant differences are 
included in Table 4. The judges ranked part A significantly flakier than parts 
C or D. They were unable to detect differences in moistness among the 4 parts. 
The tenderness varied significantly with the part of the fish (p<0.05), the 
judges ranking part D significantly more tender than part A. The flavor of the 
fish varied significantly with the part (p<0.01). Part C was ranked significantly 


TABLE 4 
Average Normal Scores for Four Salmon Cuts’ 
Internal Temperature 70°C. (158°F.) 


Palatability Characteristics 


Over-all 
Flakiness Moistness Tenderness lavor Desirability 


0.1953 -0.3258 | -0.3737 | -0.3661 
0.2561 —0.0442 -0.1380 | 0.0184 
-0.2083 | 0.0916 | 04085 | 0.2950 


-0.2431 | 0.2784 | 0.1032 0.0527 


2.45 | 3.86* | 


Minimum significant | 


difference at the 
1% level 0.5174 9392 0.6072 


* p<0.05. 
** p< 0.01. 
1 Based on eight replications. 


0.4341 | 
0.1282 | 
0.4292 

839 
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higher for flavor than parts A and B, part D significantly higher than part A. 
The over-all desirability of the fish varied significantly with the part (p<0.05). 
The judges ranked part C significantly higher than part A for over-all 
desirability. 

Histological findings. The histological appearance of the fat, col- 
lagenous connective tissue and muscle fibers did not appear to be affected 
by the four oven temperatures. Differences were observed, however, between 
the raw and cooked tissues (Figures 1A and 1B). 


Figure 1A. Photomicrograph of salmon tissue. (Magnification x 
tissue with a few fat cells embedded in the band of connective tissue. 


é 


22 HELEN CHARLEY AND GRAYCE E. GOERTZ 


As a whole, disintegration, which was much in evidence in the raw fish, 
was even more pronounced in the muscle fibers of the corresponding cooked 
tissue. Granular material replaced sections of the striae in the disintegrated 
areas. Few rigor nodes were observed in any of the samples studied. The 
individual muscle fibers of the uncooked fish appeared separate and distinct 
with little evidence of connective tissue holding them together. In the cooled 


Figure 1B. Photomicrograph of salmon tissue. (Magnification x 112.) Cooked 
tissue showing distintegration in muscle fibres and granulated areas of connective 
tissue. 
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samples the width of the fibers appeared to increase and fill up the inter- 
fibrillar spaces. Kinks and twists apparently disappeared with baking, as 
fewer were observed in the cooked than in the raw tissue. The wavy fibers 
of the collagenous connective tissue of the uncooked fish changed to granulated 
and gel-like areas in the cooked samples. Less fat appeared in the cooked 
samples and it was more dispersed than in the raw. 

Histological differences were observed among the individual fish. The 
integration of muscle fibers varied from 


amount of fat and extent 
‘cted the percent of evaporation and total 


fish to fish and this, no de 


cooking losses. 
More pronounced histological differences were observed among the four 


parts of the fish, and this may account, in part, for some of the differences in 
palatability which the judges detected. For example, kinks and twists appeared 
more frequently in the individual muscle fibers of the section nearest the 
head and least frequently in the tail cut. These twists occurred most often 
near areas of masses of connective tissue. A considerable amount of kinkiness 
was observed in the raw collagenous tissue in part A. This was true to a 
lesser degree in the other sections, with the least amount occurring in part D. 
The smallest extent of breakdown of muscle fibers and of collagenous tissue 
appeared in part A and the greatest amount of disintegration in part D. It was 
of interest that judges found part D, which contained fewer kinks and twists 
and greater breakdown of fibers, significantly more tender than part A. 

The amount of fat decreased slightly but progressively from part A to 
part D, in which the least amount was observed. Much of the fat in all of 
the cuts appeared to be localized in the perimysium and this was especially 
true in part D. However, where larger quantities of fat were present, more 
of it appeared between the individual muscle fibers. These fat cells were quite 
small compared with the medium to larger angular and irregularly shaped 


cells in the perimysium areas. 


SUMMARY 


Cut of salmon weighing approximately 2 pounds were baked to an internal 
temperature of 70° C. (158° F.) at oven temperatures of 350° F., 400° F., 
450 F°., and 500 F°. Average baking time decreased from 36 minutes per 
pound at 350° F. to 24 minutes at 500° F. The third cut from each fish was 
the most compact and this part had a somewhat longer baking time, while 
the first cut nearest the head of the fish and with the large body cavity 
had the shortest baking time per pound. 

Shrinkage of the meat and blistering of the skin was markedly less at 
the lower oven temperatures. The oven required extensive cleaning when the 
fish was baked at the higher oven temperatures while little or none was 
needed at the lower ones. These disadvantages to using the two higher oven 
temperatures were more marked for the two pound cuts of salmon than they 
were for the one inch salmon steaks previously studied. 

A 100° F. increase in baking temperature resulted in a significant increase 
in evaporation and in total cooking losses, in contrast to the one inch salmon 
steaks previously studied where baking temperature made no difference in 
either. Evaporation and total cooking losses were less for part D than for 


24 
| 


24 HELEN CHARLEY AND GRAYCE E. GOERTZ 


the other three parts. In addition, evaporation, drip, and total cooking losses 
differed significantly from fish to fish. While the amount of fat and the 
disintegration of muscle fibers as studied histologically also differed among 
fish as well as parts of fish, the baking temperature had no effect on the 
histological appearance of the cooked salmon. Oven temperature had no effect 
on the amount of press fluid or on the palatability ratings of the baked salmon. 
Differences in certain palatability characteristics of the baked fish were asso- 
ciated with the part of the fish. The cut nearest the head end ranked highest 
in flakiness and lowest in tenderness, while that from the tail was least 
flaky but most tender. Histologically, the tail cut contained the least number 
of kinks and twists and the greatest degree of disintegration of muscle tissue 
while the opposite was true for the cut nearest the head. The cut from the 
third quarter was ranked highest for flavor and over-all desirability, that from 
the head end lowest. 
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Enzymes are believed to be responsible for the development of off-flavor 
in raw and underblanched vegetables during frozen storage (1). A variety of 
enzymes have been suggested as being causative agents in flavor deterioration 
(1), but interest has centered mainly around catalase and peroxidase. Tests 
for the presence of these two enzymes have long been used as criteria of 
adequacy of blanching of vegetables prior to freezing. Furthermore, a reason- 
ably good correlation has been observed between the presence of residual 
amounts of these enzymes and extent of off-flavor in frozen vegetables. 
To date, however, the identity of the responsible enzymes has remained obscure. 

Recently it has been shown that lipoxidase and lipase are responsible for 
lipids in raw peas during frozen storage 


le 


the progressive deterioration of 
5, 12). These changes in the lipids, characterized by increases in titratab 
acidity, development of lipid peroxides, and loss of chlorophyll, closely 
paralleled the progressive development of off-flavor (7). It was deemed most 
likely that lipoxidase and possibly lipase are primary causative agents in 
the production of off-flavors during frozen storage of raw peas. 

Proof of involvement in off-flavor development of any or all of the above 
a study of their action in model systems. 


enzymes may be ascertained by 
Preparations of catalase, peroxidase, lipoxidase, and lipase of known specific 
activity were added to enzymatically inert blanched peas, and the samples 
analyzed after a suitable period of frozen storage. 

This paper reports the production of off-flavors during the frozen storage 
of macerates of blanched peas, brought about by the addition of enzymes, 
and a correlated chemical study of lipid deterioration. 


MATERIALS AND METHODS 


Perfected Freezer peas, grown on Experiment Station plots, were harvested and 
processed as described earlier (5) and stored in 30-pound tins at -17.8° C. The blanched 
peas to which enzymes were to be added were thawed and blended for 2 minutes in a 
five-quart Waring blender with one-half their weight of water. The resultant pea slurry 
was divided into 100 g. lots, and the various enzyme preparations were added and well 
mixed by stirring. The amounts of enzymes added to blanched peas were calculated 
to be twice the amounts present in fresh raw peas. Four series of samples were prepared 
in which the 4 enzymes were added singly and in all possible combinations. Samples 
of blanched pea slurry with no added enzymes were included as controls in each series. 
Two series were used for taste test evaluation for flavor and color (12), and two series 
were used for chemical analysis. Samples were placed in cellophane bags inside waxed 
cartons, frozen, and held in storage at -17.8° C. 

Catalase activity was measured manometrically by the Thompson method (11). 
Crystalline catalase (General Biochemicals, Inc., Chagrin Falls, Ohio), specific activity 
—0.018 mg. produced 2.5 ml. Oz, was added at the level of 17 mg. per 100 g. lot of peas. 


One gram of the resultant mixture produced 2.8 ml. of Os. 


*Approved by the Director of the New York State Agricultural Experiment 
Station for publication as Journal Paper No. 1075. 
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Peroxidase was determined colorimetrically by the method of Keilin and Hartree 
(2). Horseradish peroxidase, purpogallin number (P.N.) 533, was prepared by the 
method of Kenten and Mann (3) from horseradish roots grown on Experiment Station 
plots. When added at the level of 1.17 mg. per 100 g. lot of peas, this peroxidase pro- 
duced a P.N. of 0.07 in the resultant mixture. 

Lipoxidase activity was determined manometrically in the Warburg respirometer 
using linoleic acid as substrate (12). Soybean lipoxidase (Nutritional Biochemicals 
Corp., Cleveland, Ohio) with a Qe of 702 (12), when added at the level of 42 mg. per 
100 g. lot of peas, produced a Qe of 1.65 in the resultant mixture. 

Lipase activity was measured manometrically in the Warburg respirometer using 
tributyrin as substrate (8). Pancreatic lipase (Nutritional Biochemicals Corp., Cleve- 
land, Ohio) witha Qeo, of 607, when added at the level of 66 mg. per 100 g. lot of peas, 


produced a Qeo, of 7.0 in the resultant mixture. 


One series of samples for chemical analysis was lyophilized in a Stokes cabinet 
type freezer-drying unit with the heated plates at 20° C. The dried samples were 
extracted for 24 hours with anhydrous diethyl ether and the ether extracts assayed for 
acid number and peroxide number (4, 5). 

The fourth series of samples was used for the determination of residual enzyme 
activity following frozen storage and for chlorophyll analysis (13). 


RESULTS 


The results of this study are summarized in Table 1. 

The samples of blanched peas to which enzymes had been added were subjected 
to taste panel evaluation for flavor and color after 3 months and again following 17 
months of storage at -17.8° C. In each case evaluation of the samples was based on 
comparisons with the flavor and color of blanched peas with no added enzymes, which 
had been stored under similar conditions. The finding of lowered flavor scores after 
three months storage is similar to the results obtained with intact raw peas (7). It may 
be concluded that the addition of enzymes to blanched peas did produce off-flavors 
ranging in intensity from mild to extremely objectionable. Mild off-flavors were ob- 
served in samples containing added catalase and peroxidase. The more objectionable 
off-flavors were found in samples to which lipoxidase had been added. In general the 
effect of the addition of mixtures of two or more enzymes was the same as the effects 
produced by the enzymes when added individually. The sole exception was the apparent 
lessening of off-flavor intensity occasioned when catalase was present in samples also 
containing lipoxidase or peroxidase. 

Changes in color brought about by the addition of enzymes were readily discernible 
by visual inspection by the taste panel, and were also evidenced by chlorophyll losses 
measured spectrophotometrically. The normal bright green color was modified to a dull 
grey-green in all of the samples containing lipase. Lipoxidase-treated samples showed 
a slightly lower visual color score, based on a difference in saturation of color, rather 
than a change of hue. Catalase and peroxidase did not cause any visually detectable 
changes in color. However, a measurable loss of chlorophyll was sustained by treat- 
ment with any or all of these four enzymes, ranging from 2.8% to 35.8%. The greatest 
losses were observed in the lipase-treated samples. Spectrophotometric observations 
of the acetone extracts of lipase-treated peas between 435 and 443 mu indicated an 
average increase of 20% in optical density in this region over that of blanched pea 
control samples. This was taken as evidence for the presence of pheophytin which has 
a characteristic peak in this region of the spectrum. 

Deterioration of lipids was evidenced by increases in titratable acidity and organic 
peroxides in the ether extracts of lyophilized samples. Lipase produced very large 
increases in acid number, larger indeed than those normally encountered in frozen 
raw peas after prolonged storage (5, 7). Catalase-treated samples showed a slight in- 
crease in acid number. Peroxidase and lipoxidase had little or no effect on the amount 
of titratable acid. Positive peroxide numbers were observed in the lipids from samples 
treated with lipoxidase and peroxidase. 

Analyses of the samples for residual enzyme activity following 17 months of frozen 
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storage indicated that the enzymes had in every instance retained their activity to a 
large degree under these conditions. 


DISCUSSION 


Certain limitations must be recognized in the use of model enzyme systems 
such as those employed in the present study. One cannot be assured of 
duplicating the conditions occurring in intact tissues. For example, maceration 
of the blanched peas in a blender resulted in appreciable aeration. The oxygen 
content of the macerate would be expected to be greater than that in intact 
peas. However, the blanched pea macerates without added enzymes were 
included as controls for both organoleptic and chemical evaluation, and no 
adverse changes in quality were detected either initially or after prolonged 
frozen storage. 

In these studies with model systems the primary concern was with the 
production of quality changes rather than with absolute values of enzyme 
activity. The prerequisite was that the blanched pea macerates contained 
what was calculated to be a reasonable level of the individual enzymes prior 
to storage, and that sufficient enzyme had been added to insure the presence 
of an excess of enzyme throughout the storage period. The calculated amounts 
of enzymes, however, failed to produce the desired levels of enzyme activity. 
Consequently, larger quantities of enzymes were added prior to storage of 
the samples. It is quite likely that the discrepancies between the calculated 
amounts and those actually required were due to adsorption phenomena. 
Catalase, for example, is very readily adsorbed. 

The off-flavors produced in this study by the addition of enzymes to 
blanched peas were generally similar to those occurring during the frozen 
storage of raw peas (5). All of the samples containing added enzymes were 
tasted prior to freezing. No changes in flavor ascribable to the flavor of the 
enzyme preparations were noted, except with the lipase preparation, which 
imparted a distinctly different flavor to the peas. The low flavor scores of 
samples containing added lipase must be attributed at least in part to the 
flavor imparted by the lipase itself. However, these samples contained large 
amounts of titratable acidity, a condition which has been well correlated 
with objectionable off-flavor in frozen raw peas (5,7, 12). 

The change in color brought about by lipoxidase action represents con- 
version of chlorophyll to colorless products of unknown composition (10). 
During the manometric determination of residual lipoxidase activity the 
addition of linoleic acid produced additional losses of chlorophyll. At the 
end of the hour-long determinations the pea tissue fragments had been bleached 
nearly colorless. 

The commercially obtained enzymes used in this study were checked 
for enzymatic purity, i.e., absence of the other three enzymes. A trace of 
catalase activity was found in the pancreatic lipase (0.5 mg. produced 0.15 
ml. Oz in the Thompson test). 

The data with respect to acid numbers are rather clearcut. When lipase 
was present, large acid numbers resulted. Although a relatively wider range 
of values was obtained with peroxide numbers than with acid numbers, this 
was in keeping with previously published results dealing with progressive 
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deterioration of vegetable lipids during frozen storage (7). Unpublished 
data from this laboratory has indicated that more than one type of organic 
peroxide is present in the lipids of raw vegetables following prolonged 
frozen storage. Hence, the absolute amounts detectable may show some vari- 
ations depending upon the influence of other agents present in the individual 
samples. For example, the presence of peroxides in the lipids from peroxidase- 
treated pea samples is somewhat puzzling, for the horseradish peroxidase 
preparation was totally devoid of any lipoxidase activity. The possibility exists 
that the peroxides detected may have been due to nonenzymatic peroxidation 
brought about by heme-catalyzed oxidation of the lipids. 

The value of the present data would have been enhanced by a study 
of the relative rates of formation of acids and peroxides. The current study 
had as its major objective the net production of quality changes which could 
be attributed to the addition of specified quantities of the four enzymes 
employed. Just how much of the changes in quality occurred during freezing 
is therefore, not known, but if an analogy may be drawn with studies on 
intact raw peas (7), it would be expected that the major increases in acid 
number occurred during the earlier stages of storage. 

The peas used in this study were given the customary 60 second blanch 
in boiling water, followed by cooling in tap water (5). The peroxidase content 
of peas similarly treated was very low immediately following blanching 
(P.N. = 0.006), and no increase in residual peroxidase activity was apparent 
after eight days storage at 17.8° C. However, regeneration of peroxidase 
was noted in the blanched control pea samples after prolonged storage, 
amounting to some 24% of the original activity of the peroxidase-treated 
samples. The fact that this amount of peroxidase produced no off-flavors in 
the blanched control samples, coupled with the fact that properly blanched 
peas often contain residual peroxidase activity, may be taken as further 
evidence that peroxidase is not of prime importance in off-flavor production 
in frozen raw peas. 

Interpretation of the data on residual enzyme activity was difficult. The 
purpose of having made such determinations was primarily to insure that a 
workable excess of the enzymes had been present throughout the storage 
period. Thereby, apparent non-involvement of any of the enzymes in quality 
changes could not be ascribed to insufficient quantity of enzyme, but rather 
to the non-participation of the enzyme in the sequence of reactions which 
produce off-flavors and other quality changes. The general decrease in residual 
enzyme activity found after frozen storage could have been due to inter- 
ference of enzymes added to the peas, or of constituents in pea tissue, in the 
actual determination of enzyme activity. Phe two cases of increased peroxidase 
activity cannot be attributed solely to the regeneration of the original peroxi- 
dase present in the pea tissue because this occurred only in the presence of 
added catalase or catalase plus lipoxidase. 

The role of lipoxidase in off-flavor development in raw peas has recently 
been clarified. Siddiqi and Tappel (9), in a study of the oxidation products 
of pea lipoxidase action, reported the presence of monocarbonyls as a result 
of lipoxidase catalysis of the oxidation of ammonium linoleate at 0° C. They 
postulated that the hydroperoxides formed under these conditions were very 
unstable, decomposing to form aldehydic products and polymers. These oxi- 
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dation products were considered to be of greater importance in contributing 
to off-flavor than were the products resulting from autoxidation of fats during 
storage of frozen raw peas. 

A possible explanation of how lipase may function in off-flavor production 
is suggested by the following observations. During the determination of 
residual lipoxidase activity it was observed that samples containing both 
lipoxidase and lipase showed considerable amounts of oxygen uptake in the 
absence of added linoleic acid substrate. This effect was not apparent when 
only lipoxidase was present, nor when catalase and/or peroxidase were present 
along with lipoxidase. Under the above conditions the sole source of lipoxidase 
substrate was the endogenous supply of lipids in the blanched peas. From 
the acid number determinations on these samples it was evident that consider- 
able amounts of triglyceride had been split by the added lipase. Apparently 
the free fatty acids were more readily utilizable as lipoxidase substrates than 
the intact triglycerides. During the progressive development of off-flavor in 
frozen raw peas during storage, the increase in acid number invariably pre- 
cedes the development of peroxides detectable in the lipids (7). Thus lipase 
may serve as an adjunct to lipoxidase in off-flavor development through a 
labilization of substrates. 


SUMMARY 


The addition of enzymes to blanched peas resulted in the production of 
off-flavors following frozen storage. Lipoxidase-treated samples were mod- 
erately off-flavored. Catalase and peroxidase produced only mild changes in 
flavor. Lipase-treated samples possessed disagreeable off-flavors, which must 
be attributed in part to the flavor imparted by the lipase preparation itself. 

Changes in green color were produced by the addition of all four of these 


enzymes. Lipase caused the greatest losses of chlorophyll, evidenced by the 


formation of pheophytin. 
Deterioration of lipids was caused by lipase and lipoxidase, resulting in 
large increases in acid number and in development of peroxides. 
A possible mechanism by which lipase may function in off-flavor develop- 
ment has been proposed. 
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In beef production, the animal characteristics which contribute greatly to 
the grade and subsequent price of the meat include the degree of finish. This 
criterion is measured by the fat cover of the carcass and degree of fat 
marbling in the muscle. 

A number of investigators have endeavored to determine the fat content 
in beef necessary to establish the optimum quality level with respect to 
tenderness, juiciness and flavor factors. In an earlier publication (6), the 
authors have reviewed these studies, with a resulting indication of a high 
degree of variability among the findings. 

In an attempt to establish whether different degrees of finish in animals 
resulted in differences in meat quality, a three year study was undertaken 
by the Departments of Animal Husbandy, Food Technology and Home Eco- 
nomics of the University of California at Davis. 

Included in the following report is an evaluation of differences in eating 
quality factors in beef attributable to differences in fat content and subsequent 
U.S.D.A. grade; the application of a sensory difference method (triangle) 
of evaluating a food product of somewhat extreme variability; and a com- 


parison of this sensitive technique with a quality judgment procedure 
(scoring). 


EXPERIMENTAL PROCEDURE 


Animals. For the three-year study, a total of 48 Hereford steers from the range 
herd of the University of California were used. Each year, 16 animals above average 
in uniformity of breed, age and quality were put into feed lots at the Davis campus 
Group I (8 animals) was fed a low concentrate ration whereas Group II (8 animals) 
was fed a high concentrate ration. For each year’s experiment both groups received 
the same concentrate consisting of 65% ground barley, 20% molasses beet pulp and 
15% ground oats. Average ages, weights, % concentrate, performances, slaughter 
grades and estimate of carcass composition of the animals in each of the 3 trials are 
recorded in Table 1. 

At the end of the fattening period, 4 animals were slaughtered each of 4 consecutive 
wecks at a local packing house. Two animals were selected from Group I on the basis 
of a live slaughter grade of good and two animals, from Group II, with a live slaughter 
grade of choice. The carcasses were graded by a U. S. Department of Agriculture 
inspector and aged for 11 days before butchering and testing. The composition of the 
carcass was estimated from density measurements of the 12th rib and also from actual 
physical separation of this cut into lean, fat and bone; both methods having good reli- 
ability according to Lofgreen and Garrett (4) and Hankins and Howe (3). Muscular 
fat (marbling) determinations were made on the 12th rib, right side, using the ether 
extract procedure. 

Meat cuts. Butchering of the carcasses in the first two trials was done by a com- 
mercial firm* following specific instructions of the experimenters. The University 
cafeteria meat department butchered the carcasses for the third trial, following the 
same instructions. 


* DelPero-Mondon Meat Co., Marysville, California. 
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Two three-rib roasts (6-7-8- and 9-10-11) and two 3-inch top round roasts from 


both sides were used in the tests. 

Testing designs and procedure. A modified triangular design was used for the 
sensory difference method of testing the two groups Only the roasts from the leit 
sides of the paired animals were used. The design included the checking of the dupli- 
cate samples; indication of the flavor or texture or both factors as the judge’s criterion 
of differentiating; and a designation ol better meat flavor and more tenderness to the 
odd or duplicate samples. 

Approximately 24 judges participated in each trial. These pe 
cifically trained in meat-difference testing, but all had considerable experience in 
sensory difference testing of many fo \ds and beverages, for both flavor and texture 


qualities. There was an approximate turn over of 40% of the judges from one trial to 


yple were not spe- 


the next. 


Since two pairs of animals 


were slaughtered each of 4 consecutive weeks, a total 


ade each week. The 4 top round comparisons were made on 4 


10:45 A.M.) and the rib roasts on the same afternoons (3:45 


of 8 comparisons was n 
consecutive mornings | 
P.M.). The roasting procedure was used for preparation of both cuts of meat. 


314 to 5 pounds, were roasted, un yvered, in aluminut 


The top rounds, varying trom . 
pans at 300° F. to an inter! al temperature of 150° F. This required from 1 to 2 hours 
Rib roasts ranging from 7 to 11 poun is were similarly roasted, requiring from 4 to 5 


nours 


To avoid appearance biases in the ju ives’ selection of the duplicate samples, ex- 
treme care was followed in the preparation of the meat for serving. Each set contained 
pieces carefully matched with regards to location in the muscle, size and shape The 


longissimus dorsi and spinalis dorst muscles of the rib roasts and the semi-memoran cus 


and the adductor muscles of the top rou asts were used. The pieces were trimmec 
of fat and served in sizes of appr yximately 2 sq. inches by 14 to % in. U ick. The pieces 


snamel pans according to muscle location and kept warm on 


were arranged in shallow en 
in. which extended from 20 to 30 minutes after 


a steam bath during the tasting sessi 


carving 

Samples for each triangle s¢ 
ite serving plate. Each participating judge eva 
under low, red illumination in a room equippe¢ 1 with individual taste booths. No specific 


nt +} nel 


instruction Was given pan 


+ were arranged randomly opposite code numbers on 
iated his set of samples 


a warmed, wh 


ers regarding tasting mechanics 


design as a procedure for testing differences in 


In order to evaluate the trian 
from other studies reported by the authors !s 


ich muscles trom 


meat, published and unpul lished di 


included (6, 7). These data were « I ned from scoring tests in whi 
the same cuts of meat from the rig ht sides of the same paired snimals used in the above 
tests were compared with beet trom two other animals subjected to other treatments 


(hormone and/or type of ration 
A 14-member panel of selected } 
‘uiciness, and flavor using a 7-point sc ile for each factor 


s scored 5 samples of meat for tenderness, 


7 indicating very desirable; 


desirable; at 


5, des: 12 acceptadbie 

Methods of cooking, matching slices and serving proct s were identical with 
those described for the triangle test However, meat pieces used in the scoring test 
were larger than those in the triangie test I was possible because of the design 
requiring fewer samples and a smaller number of judges 


RESULTS AND DISCUSSION 

Information in Table 1 illustrates the differences in average age, grade, 
and degree of fatness of the animals used in each of the three trials. The 
differences in quality grades of the two groups increased each year. The 
greatest difference occurred in trial 3 because the extent of finish was easier 
to control in younger animals being fed over a longer period resulting in 
more fat deposition in the m 
of this effect there waS a much wider difference between the fat 
the two groups of trial 3 than between these 


uscle of the high concentrate-fed animals of trial 
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groups in trials 1 and 2. These variations in differences from one trial to the 
next are reflected in the results of the palatability difference evaluations by 
both the triangle and scoring procedures (Table 2). 

In each trial, the judges significantly identified the duplicate samples in 
the triangle tests (Table 2A). However, those judges who were able to 
identify the duplicate samples were more in agreement with respect to the 
more tender and flavorful sample with each successive trial. With regard to 
the criterion of differentiating, approximately 7% of the judges indicated 
both flavor and tenderness, and the others were almost equally divided between 
flavor or tenderness. In the analysis, only results of correct separations were 
included in the quality factor designations. In those cases where the judges 
used only one criterion of differentiation, 50% credit was assigned to each 
group for the more desirable quality level of the other factor. 

The attribution of the more desirable quality level in each of the factors 
was directed toward Group II with panel agreement increasing each year 
This trend is more noticeable in the top round cuts than the rib roasts. The 
differences in the tenderness and flavor factors, however, were not highly 


2 


significant until the third trial, im either top round or rib roast comparisons 


TABLE 2 
Results of Triangle and Scoring Methods 


A. Triangle (Chi Square Analysis) 


140 
1955 30 148 64 s+ 62.5 


149 


. Scoring (Analysis of Variance ) 


Iw 


J 
hike 
No. indicating m sirable level 
Correc "enderne Flavor 
Year No. of I 
Tests Seq thons 
- I Il 
1954 21 = 745 49 79 
1055 275 128 
1956 397 156 100 4 
Ribs =o <> 83 
1956 317 
ss Flavor he 
N Tenderness i 
». of 
Grout Grout Grout Grout 
Comparisons Grout Grout 
I! 
1954 234 3.83 4.14 4.30 ee 
5 V7 Os > 21 205 55 
2 00 4 43 3.83 4.31 
1955 243 432 4.26 4.58 
1956 154 4.04 4.75 3.77 
Ribs 519 5 22 5.35 
155 ecs 5 20 4.93 521° 4.95 
Osh 55 a . 
2 01 probability level ot sigt ance - 
Fad 
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In this trial greatest differences in carcass grade and intramuscular fat were 
obtained. 

These same trends are apparent from results of the scoring procedure 
(Table 2B). For the reader's information, the analysis of these results of the 
scoring procedure utilized individual judges’ scores as compared to those 
reported previously (6), which were based on panel average scores of the 
eight animal replications as the variants. Thus, by using the individual judges’ 
scores, the larger number of degrees of freedom permitted a more real com- 
parison with the large numbers used in the determination of the chi —quare 
values from the triangle test data. 

The scoring procedure of evaluation of the tenderness and flavor factors 
established highly significant differences in the top round roasts in all three 
trials. Only in the third trial, however, were there significant differences in 
the rib roasts. The juiciness factor, evaluated only by the scoring technique, 
showed similar trends. 

No differences in results were obtained by either method of evaluation 
(triangle and scoring) with regard to the two muscles used in either cut. 
Variations in degree of juiciness, tenderness and desirable flavor were 
observed. These intramuscular variations have been reported by Ramsbottom 
et al. (5). 

In Table 3, data from the three trials were integrated with respect to 
grade comparisons. The triangle panel showed more consistency in assign- 
ing more of the attributes to Group II when the “choice” grades were compared 
with either “good” or “commercial,” than with “choice.” When “good” grades 
of Group II were compared with either “good” or “commercial,” of Group |, 
then panel’s ability to differentiate quality in the triangle test was lessened. 
In the scoring procedure, assignment of the more desirable level of the quality 
factors was directed toward Group II in the top round evaluations, and 
generally reversed to Group I in the rib roasts when these “good” and “‘com- 
mercial” comparisons were made. These grading trends are in line with the 
differences in fat content and eye muscle fat. 

Considering the U.S.D.A. grading system per se, both panels demonstrated 
increasing ability to differentiate among the quality factors of the two groups 
when “choice” grades were compared with consecutive lower-grade steps. In 
these experiments the differences between “good” and “commercial” grades 
did not clearly reflect differences in the eating quality factors. 

Thus, it appears that steers fed to a high degree of finish as required by 
the U.S.D.A. Choice grade most often produce a more tender and flavorful 
beef. There appears to be a point in the degree of finish where more consistent 
differences in eating quality are observed. Below a certain fatness, fewer 
differences are found. Thus, there may be lesser quality advantages between 
the “good” and “commercial” grades in contrast to definite advantages for 
“choice” over “good,” provided the animals are uniform except for degree of 
fatness. 

In the first two trials, where the animals were more comparable with respect 
to age and per cent concentrate in the diets, the resulting differences in 
carcass grades were not large nor were there great differences in scoring. 
In the third trial wider differences in grade and finish were obtained. In this 
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case the judges consistently and significantly favored meat from the higher 
finished group with respect to all the factors tested. 

In order to determine if a relationship existed between the differences in 
scores and fat or moisture content of the two groups, correlation coefficients 
were determined (Table 4). Although all of the relationships with fat content 
are positive, there appears to be very meager evidence of a significant relation- 


TABLE 4 
Correlation Coefficients 
% Fat (density and eye muscle) and % moisture difference 
vs. average score difference 


Density 


Tenderness 
Juiciness 
Flavor 


Tenderness 
Juiciness 


Moisture 


Tenderness 
Juiciness 
Flavor 


1.05 probability level of significance 
2 .01 probability level of significance 


ship. The percentage of fat in the eye muscle, however, correlates better than 
total fat with tenderness and flavor. This observation is in agreement with 
results of studies reported by Cover, et al. (1). The correlations indicate that 
the flavor factor is more closely correlated with intramuscular fat or 
“marbling” than with total fat. Per cent moisture appears to affect the quality 
factors inversely, but again, no striking correlations exist. Correlations of 
per cent fat differences with the triangle data did not reveal significant relation- 
ships in any case. 

Although evaluation of age differences was not made by direct comparison, 
the scoring data in Table 2B indicates that tenderness in both rounds and 
ribs increased with decreasing age of the animals. The juiciness and flavor 
factors showed no specific trends. 

Although the results of this laboratory study would not necessarily reflect 
the more practical consumer responses to the same variables, very good agree- 
ment between the laboratory panel and a consumer panel was obtained in 
trial 3. Dunsing (2) obtained preferences for Group II over Group I when 
paired steaks from each of the groups were evaluated by a household consumer 
panel. 


TRIANGLE vs. SCORING PROCEDURE 
Results reported in this study indicate that the triangle design applied to 


.247 
374 
Eye Muscle 
178 
-.212 
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meat products compared somewhat favorably with the scoring procedure. 
However, without the modification of requesting further information about 
the samples, the use of this design could result in meaningless conclusions. 
With a food product of such variability, correct identifications can be made 
without specific reference to those factors under study. This can be seen in 
Table 1A where highly significant separations were obtained in each trial 
without significant quality assignment. 

The scoring procedure, in general, was more sensitive in establishing 
significant quality differences, especially in the evaluation of the top round 
roasts. This may be partially attributable to the fact that the panel had been 
more carefully selected for meat difference testing and also the actual number 
of judgments used in the analysis of quality differences was slightly larger 
in the scoring procedure, due to the elimination of those incorrect-separation 
responses in the triangle test. 

From observations of comments made by the triangle-testing judges, 
factors other than those investigated were sought in selecting the duplicate 
samples. Thus, it appears that in products of considerable variability, specific 
factors under study may be masked by uncontrollable factors, with resultant 
loss of specificity. In a scoring type test, these factors are more easily over- 
looked or ignored by the judges since there is not a strong psychological 
drive for a “right” answer. 


SUMMARY 


Differences in quality factors of beef varying in degree of finish and 
age were determined by laboratory panels using triangle and scoring pro- 
cedures. Results of the three-year study indicate that differences in tender- 
ness, juiciness and flavor became more apparent with increasingly wider 
differences in degree of finish and carcass grade. The relationship of % carcass 
fat with quality scores did not reveal striking correlations. Flavor, however, 
appears to be associated with intramuscular fat. 

Greatest differences in eating quality were found between “choice” and 
“good,” and “choice” and “commercial” grade comparisons. When greatest 
differences in intramuscular fat (marbling) occurred, the taste panel con- 
sistently and significantly assigned the more desirable level of quality to the 
meat from those carcasses showing the most marbling. 

The applicability of triangle testing to products of a high degree of 
variability does not appear to be as sensitive in evaluating specific factors as 
the scoring procedure, although the results of the two procedures are in 
agreement. Other characteristics of the triangle test contribute to its ques- 
tionable usage. 
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The first study of the ultra-rapid germination of spores induced by simple 
chemicals was performed by Hills (6), who isolated adenosine as the active 
principle in yeast extract that induced germination in spores of Bacillus 
anthracis. Using as an index of germination the loss of heat resistance as 
determined by viable counts, he found that 2 micromoles (uM) of adenosine 
in his basal medium (a gelatin hydrolysate with added tyrosine) gave 90% 
germination after 30 minutes at 35° C. The adenosine alone was ineffective. 
He also noted that an increase in the concentration of the bacterial suspension 
caused a decrease in the rate of germination. 

In a later paper (7), Hills reported that 0.5 millimole (mM) of L-alanine 
and 0.5 mM of t-tyrosine with 0.002 mM of adenosine greatly stimulated 
germination without the presence of other amino acids. He found further 
that L-alanine was not replaceable by related compounds and that its action 
was greatly inhibited by small amounts of p-alanine. This inhibition could be 
reversed by increasing the proportion of the L-isomer. Tyrosine, however, was 
replaceable by its p form as well as by other structural analogues. 

Hills tested 17 other amino acids without finding significant stimulation 
of germination and determined that of the three cc ympounds, alanine, tyrosine, 
and adenosine, L-alanine was present in all cases where highly significant stim- 
ulation of germination was observed. This research was made on strains of 
Bacillus subtilis, Bacillus cereus, and Bacillus megatherium as well as on a 
total of 4 strains of Bacillus anthracis. 

Stewart and Halvorsen (11), in their initial paper on alanine racemase, 
describe a procedure that resulted within 5 minutes in the complete germination 
of a suspension containing 10° spores per ml. of Bacillus cereus var. terminalis. 
To induce this germination they used a medium consisting of 6 mM of 
t-alanine and 0.12 mM of adenosine at 30° C. and pH 7. Hitzman, Zoha, and 
Halvorsen (9) and Halvorsen (4) describe studies on the germination of spores 
of Clostridium roseum and Clostridium botulinum as induced by L-alanine, 
L-phenylalanine, and L-arginine with 0.05% sodium thioglycollate. They esti- 
mated that there was from 95 to 100% germination of 5 X 10° spores in from 
2 to 15 minutes. 

One major problem that impedes progress in the use of irradiation as a 
commercial process in the food industry is the development of radiation off- 
flavors. The incidence of these off-flavors is related to the magnitude of the 

* Contribution No. 309 from the Department of Food Technology, Massachusetts 
Institute of Technology, Cambridge. 

> Presented at the Seventeenth Annual Meeting of the Institute of Food Tech- 
nologists, Pittsburgh, Pa., May 14, 1957. 

© Part of a thesis submitted by B. Kan in partial fulfilment of the requirements for 
the degree of Ph.D. in the Department of Food Technology, Massachusetts Institute 
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delivered irradiation dose. The radioresistance of vegetative cells is consid- 
erably lower than that of the corresponding spore forms, but if it were possible 
to insure the rapid germination of over 99% of a given spore population, the 
total irradiation dose required for sterilization would be reduced and the 
concomitant production of off-flavors would similarly be reduced. This investi- 
gation seeks to apply ultra-rapid germination induction procedures to the 
sensitization of bacterial spores to irradiation. 


MATERIALS AND METHODS 


Spores used and their treatment. The spoilage organisms studied were one anaero- 
bic and one aerobic species of bacteria, namely, Cameron’s putrefactive anaerobe No. 
3679 and Bacillus cereus var. terminalis. Prior to any experimental observations, stock 
suspensions of spores of these organisms were pasteurized by heating for 7 minutes in 
boiling water. Following pasteurization, some samples of the heat-shocked spores were 
treated by being held in germination media of various compositions that included 
some amount of an l-amino acid. The exact composition of each germination medium 
will be specified, as required, in the discussion of results. In all cases the amino acid 
solution was added to an equal volume of spore suspension containing glucose, sodium 
thioglycollate, or adenosine (if any) added as one drop of a concentrated solution. 
After a suitable holding period, generally at room temperature, the spore suspension 
in the germination medium was either repasteurized, irradiated, or plated to secure a 
control count. In any given experiment the spores used in each group were obtained 
from a diluted suspension of 1 ml. of a stock suspension stored in a refrigerator. 

Irradiation. In these experiments all irradiations were performed as follows. A 
3-ml. sample of the test bacterial spore suspension in its germination medium was 
sealed in a 5-ml. glass ampoule. The arnpoule was then irradiated with a dose of 
600,000 rep of gamma rays from a cylindrical Cobalt-60 source. The design of this 
source has been described by Hayner and Proctor (5). 

Criterion of germination. In these experiments the loss of heat resistance was 
considered to be the criterion of germination. The pasteurization or heat-shock pro- 
cedure of holding the spores in boiling water for 7 minutes was sufficient to inactivate 
any spores that might have germinated. The viable organisms that survived pasteuri- 
zation after having been held in the germination medium were considered to have 
remained in the spore state. Observations by Powell (10), by Church et al. (2), and by 
Hachisuka et al. (3) have shown that stainability, thermolability, turbidity, and ap- 
pearance of translucent areas as viewed by the electron microscope serve as criteria 
of spore germination. In these experiments the development of thermolability was 
selected as the sole criterion of germination. 

Counting procedure. Viable counts were made with the use of Andersen's medium 
(1) for the P.A. No. 3679 spores and Difco Nutrient Agar for the B. cereus spores. 
Incubation was at 37° C. for 48 hours for P.A. No. 3679 and 30° C. for 24 hours for 
B. cereus. The anaerobic procedure used differed from that of Andersen as follows: 
Test tubes were prepared from 200 mm. lengths of 12 mm. Pyrex tubing and were 
used for culturing. The 5% bicarbonate solution was added directly to the agar just 
before pouring, and the agar was poured into the culture tubes after their inoculation 
with 1 ml. of diluted spore suspension. Molten vaseline stratification was used to 
promote anaerobiosis. 

Treatment of the data. In most of these experiments, differences of less than one 
log cycle between mean values of groups were not considered significant. In all cases 
arithmetic mean values were determined for each group of samples and their duplicate 
plate counts or triplicate tube counts. In one experiment where it became necessary 
to compare two values that differed by a factor of only 2, the standard deviations of 
the groups were compared and the standard deviations of the ratios of these distribu- 
tions divided by the control mean values were calculated. It was decided that the 
difference between these ratios would be significant if the ratios were more than three 
standard deviations apart. 


EFFECT OF GAMMA RADIATION ON BACTERIAL SPORES 


RESULTS AND DISCUSSION 


Observations on P. A. No. 3679. Because the ultra-rapid germination 
requirements of different species (and perhaps strains) of bacterial spores 
may vary, it was first necessary to establish conditions that would cause spores 
of this culture of P. A. No. 3679 to germinate. It was found that a concentration 
of 50 mM of L-arginine, 0.05% sodium thioglycollate, and 10 mM of glucose 
would, in less than 2 minutes, induce germination of over 99% of a suspension 
of the culture of the P. A. No. 3679 spores used in this research. When this 
treatment to induce rapid germination of P. A. No. 3679 spores was used, it 
was found that the survival of the treated spores following irradiation with 
600,000 rep of gamma rays was twice as great as that of untreated spores 
irradiated in water suspension (Experiment A, Table 1). This was contrary 
to expectations, since by the criterion of heat lability it was shown that 95% 
of the spores had germinated after treatment, and one would normally expect 


TABLE 1 
Effect of gamma rays’ on viability of treated and untreated spores 
of P.A. No. 3679 


Treatment Dilution f viable Standard 
deviation 


Experiment A 


Untreated 14.57 


Untreated; 
irradiated 


Treated 


Treated; 
repasteurized 


Treated: 
irradiated 


Experiment B 
Untreated 


Untreated; 
repasteurized 


Untreated; 
irradiated 


Treated 


Treated; 
irradiated 


Treated; 
repasteurized ..... 10? 12 1 0.1 
1 Irradiation dose: 600,000 rep 


2 Treated with 100 mM/1 of L-arginine, 0.05% sodium thioglycollate, and 10 mM/1 of glucose 
* No standard deviation here; all tubes gave counts of 0 to 1 


43 
| 10° 12 91 11.93 
10? 12 44 11.38 48 
4 
10° 24 102 11.05 
10° 27 65 6.96 63.7 
10° 24 99 8.83 
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TABLE 2 


Protective action of sodium thioglycollate against the effects of gamma radiation’ 
on spores of P.A. No. 3679 


Mean 
Standard survivors 


Treatment Dilution 
deviation (%) 


of spores® factor 


Experiment C 
Untreated —.............| 


Untreated, irradi- 
ated, then plus 
compounds* 


Untreated; 
irradiated ............ 


Glucose alone; 
irradiated ............ 


Thioglycollate 
alone; irradiated 


Arginine alone; 
irradiated 10? 


1 Irradiation dose: 600,000 rep 


® Treated with mixture of glucose (10 mM/1), thioglycollate (0.5 g/1), and arginir 100 mM 


rginin 


vegetative cells to have an increased radiosensitivity. The experiment was 
repeated (Experiment B, Table 1) with the same results. 

In the belief that some element of the germination medium present during 
irradiation exercised a protective effect on the irradiated spores, it was 
decided to irradiate spores in the presence of the separate components of 
that medium. The results, summarized in Table 2, demonstrate that sodium 
thioglycollate alone was responsible for the observed protective effect. 

Efforts to reduce the concentration of thioglycollate 10-fold and 100-fold 
in the germination medium resulted in poor germination of the spores. 
Attempts to germinate 100-fold higher concentration of spores followed by 
100-fold dilution prior to irradiation were also not successful because the 
spores in the thicker suspension germinated less readily than those in the 
more dilute suspension. 

To demonstrate that a radiation sensitization effect had occurred, 
comparison was made of the viable counts for treated spores and for untreated 
(control) spores of P. A. No. 3679. The control spores were in a suspension 
containing an amount of sodium thioglycollate equal to that used with the 
treated spores (0.5 g. per liter). The data are summarized in Table 3. The 
standard deviations of the survival fraction S, were calculated by the formula: 


a 


where y is the mean count for the unirradiated samples, Sy is the standard 


N Meat 
ss 10° 24 80 20.1 8.2 
10? 12 92 13.16 9.4 
| 
| 
| 
 / 
x?S,? 
= 
y V4 
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deviation of the distribution of the unirradiated samples, x is the mean count 
samples, and Sx is its standard deviation. S, is then the 


for the irradiated 
standard deviation of the survival fraction. 
By applying these calculations to the data shown in Table 3, the following 


y 


values are obtained: 


Expt. Treatment Ratio of x:y Standard deviation 
D Untreated 0.165 0.0186 
D Treated 0.080 0.0100 
E Untreated 0.160 0.0009 
E Treated 0.080 0.0076 


TABLE 3 


Demonstration of a radiation’ sensitization effect on spores 
of P.A. No. 3679 


Treatment Dilution f viable Standard 
of spores? factor tubes count deviation 


— 


Experiment D 
Untreated 


7 | x 


Untreated; 
repasteurized 


Untreated; 
irradiated 


Treated 


Treated; 
repasteurized 


Treated; 
irradiated 


Experiment E 
Untreated 


Untreated; 
repasteurized 


Untreated; 
irradiated 


10° 12 80.6 2.64 X 10° 


Treated 50.6 


Treated; 
repasteurized 


Treated; 
irradiated 10° 


12 40.2 3.15 X 10° 


1 Irradiation de 
2 Untreated samples contained 0.05 g/1 of sodium thioglycollate; treated samples contained 100 


mM/1 of L-arginine, 10 mM/1 of glucose, and 0.5 g/1 of sodium thioglycollate 


se: 600.000 ret 
00,000 rep 


a 
12 34.8 
| 10° 12 80.8 6.22 X 10 “ 
10° 12 49.2 5.01 10° 
7 
10° 12 30.4 
10° 12 39.7 3.09 10° 
10 12 | xe 
ial 
eee 2.76 X 10° 
306 
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By applying standard statistical calculations to the data shown in Table 3 
the two ratios in Experiment D and similarly those in Experiment E are 
shown to differ from each other by more than three times standard deviation, 
and therefore the germination treatment is shown to result (at the 5.0% level 
of probability) in increased spore inactivation when compared with the in- 
activation of spores that were untreated but protected by a small quantity 
of sodium thioglycollate. 

The germination inducing treatment of anaerobic spores appears to have 
little prospect of practical application as a radiation sensitizing agent unless 
it can be discovered how germination may be induced without the presence 
of sodium thioglycollate or some other substance that protects spores against 
radiations. 

Observations on Bacillus cereus. To avoid the use of sodium thioglycol- 
late in these spore germination experiments and to verify the findings reported 
previously, it was decided that an aerobic species should be studied. Bacillus 
cereus var. terminalis was chosen as the subject species because its germination 
requirements had previously been established (11). In these experiments the 
germination medium consisted of 100 mM of t-alanine and one drop of a 
saturated water solution of adenosine per 3 ml. of medium. The heat sensi- 
tization of these spores was not so great as that observed in the experiments 
with spores of P. A. No. 3679 but was well defined. 

An experiment (F) with irradiation of treated spores revealed that the 
extent of the radiosensitization was far in excess of what would be expected 
on the basis of the heat sensitization data. It was further noted that treatment 
with 100 mM of t-alanine produced a more pronounced radiosensitization 
effect than did treatment with 1000 mM of t-alanine (Table 4). In either 
case treatment with L-alanine resulted in an increased spore inactivation 
beyond that to be expected on the basis of the thermolability determinations 
and the normal radiosensitivity of these spores. The treatment with L-alanine, 
in addition to producing germination of a proportion of the spores, also pro- 
duced radiosensitivity in another group of spores that had retained their heat 
resistance. This phenomenon was confirmed by Experiment G (Table 4). 

Additional experiments were performed (Tables 5 and 6) to test the 
effects of treatment with 100 mM of t-alanine and adenosine and treatment 
with adenosine alone. A concentration of 100 mM of t-alanine caused the 
greatest sensitization effect of all the treatments tested. Adenosine alone was 
more effective in promoting spore radiosensitivity than was 1000 mM of 
L-alanine combined with adenosine. Comparison of the results obtained 
after treatment with adenosine alone and after treatment with L-alanine 
indicates that the addition of L-alanine in high concentration appeared to 
protect the spores. All treatments produced a radiosensitization greater than 
was expected on the basis of thermolability determinations. 


SUMMARY 


Experiments are reported indicating that the induction of ultra-rapid 
germination of bacterial spores of P. A. No. 3679 and Bacillus cereus by 
amino acids can increase the radiosensitivities of these organisms. 

The presence of sodium thioglycollate in the germination medium was 
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shown to interefere with the demonstration of this effect on spores of P. A. 
No. 3679. 

Bacillus cereus spores were radiosensitized by L-alanine and adenosine to 
an extent beyond that expected on the basis of thermolability determinations. 


TABLE 4 
Radiation sensitization’ of Bacillus cereus spores 


Experiment Mean Mean 
and Dilution No. of viable Standard survivors 
rc lates count leviation (%) 


sample factor pla 


Experiment F 


Untreated ............... 10° 4 58.5 3.95 
Untreated; 

repasteurized .......... 10° 4 73.5 7.83 
Untreated; 

irradiated 10* 31 7.96 5.3 
Treated with 100 

mm/1 alanine ...... 10° 4 41.3 3.84 

Treated with 100 

mm/1 alanine; re- 

pasteurized ........... 10° 4 36.3 6.50 87.7 


Treated with 100 
mm/1 alanine; i 


mm/1 alanine 
Treated with 1000 

mm/1 alanine; re- 

pasteurized ............. 10° 4 
Treated with 1000 

mm/1 alanine, ir- 


Experiment G 


Untreated ......... 10° 8 39.7 5.36 
Untreated; 

repasteurized ......... 10° s 38.2 5.58 96.3 
Untreated; 

irradiated .............. 10° & 31.9 7.36 8.0 
Treated with 100 

mm/1 alanine 10° 32.8 3.39 


Treated with 100 
mm/1 alanine; re- 


pasteurized 10° 114 6.7 348 
Treated with 100 

mm/1 alanine; ir- 

radiated .............. 10 8 41 5.85 0.01 
Treated with 1000 

mm/1 alanine ........ 10° 8g 33 


Treated with 1000 
mm/1 alanine; re- 


pasteurized 10° 8g 185 7.62 56.0 
Treated with 1000 
mm/1 alanine; ir- 
ae 10° 8 62 7.14 1.9 


1 Irradiation dose: 600,000 rep. 
2 The germination medium for treated samples of one drop of a saturated water solution of adenosine 


and 100 or 1000 mm/1 of L-alanine, as indicated in column 1. 


q 
radiated ................. 10? 17.6 4.77 0.04 
Treated with 1000 
130 9.67 23.3 es 
77.6 24.9 0.13 i 
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TABLE 5 


Radiation sensitization’ of Bacillus cereus spores by treatment with a mixture of 
alanine plus adenosine® or by treatment with adenosine alone 


Experiment 


Mean 
and viabl 


Dilution e 


| 
sample factor 


Experiment H 
Treated with 
adenosine 


Treated with ade- 
nosine; repasteur- 


ized 


Treated with ade- 
nosine; irradiated 


Treated with 10 
mm/1 alanine plus 
adenosine 


Treated with 10 
mm/1 alanine plus 
adenosine; repas- 
teurized 


Treated with 10 
mm/1 alanine plus 
adenosine; irradi- 
ated 


Treated with 1000 
mm/1 alanine plus 
adenosine 


Treated with 1000 
mm/1 alanine plus 
adenosine; repas- 
teurized 


Treated with 1000 
mm/1 alanine plus 
adenosine; repas- 
teurized .. 


1 Irradiation dose: 600,000 rep. 
2 One drop of a saturated water solution of adenosine. 


48 
Standard | survivors 
pilates count leviation (%) 
eae 10° 8 31.8 2.48 i 
10° 8 91.4 3.11 2.9 
10 8 33.6 3.18 
a 108 8 156 6.32 46.5 
a 10° 8 17 1.90 0.005 
10 8 33 2.73 7 
aa 10° 8 128 3.34 39.0 
10° 8 3.5 1.58 0.17 
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TABLE 6 


Radiation sensitization’ of Bacillus cereus spores by treatment with a mixture of i 
alanine plus adenosine* or by treatment with adenosine alone 7 
and Dilution No. of viable z 
sample factor plates count 


Experiment I 
Untreated ; 10° 8 25 2.45 


Untreated; 
repasteurized 10° 8 27 


Untreated; 
irradiated 


alanine 


adenosine 


Treated 10 


mm/1 alanine + 


with 


adenosine; repas- 


teurized 


Treated 
mm/l1 alanin 


adenosine; irradi- 
ated 


Treated with 1000 


mm/1 alanine 


adenosine 


Treated with 1000 


mm/1 alanine 


adenosine; repas- 


teurized 


Treated with 1000 


mm/1 alanine 


adenosine; irradi- 
ated 10? 8 62 2.30 0.26 
1 Irradiation dose: 600,000 rep 
2 One drop of a saturated water solution of adenosine. : 
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2 
; 10° 8 26 2.60 10.4 
Treated with a 
rdenosine g 27 3.95 
lreated ade- 
nosine; repasteur- 
ized 10° 8 71 4.5¢ 2.6 a 
Treated with ade- a 
nosine; irradiated 10 8 11 3.97 0.04 gf 
Treated with 10 4 
. 10° 8 28 5.30 ‘4 
= 
10° 2 0.79 071 
be 
: 10° 8 24 1.84 
10 g 4 0.93 17 


11. 


B. KAN, S. A. GOLDBLITH, AND B. E, PROCTOR 


LITERATURE CITED 


ANperSEN, A. A. A rapid plate method of counting spores of Clostridium botulinum. 
J. Bacteriol., 62, 425-432 (1951). 

Cuvurcu, B. D., Hatvorsen, H., anp Hatvorsen, H. Q. Studies on spore germination : 
Its independence from alanine racemase activity. J. Bacteriol., 68, 393-399 (1954). 

Hacuisuka, Y., ASAno, N. Kato, N., anp Kunto, T. Decrease of optical density of 
spore suspensions (B. subtilis) and its relation to spore germination. Nahoya J. 
Med. Sci., 17, 403-410 (1954). 

Hatvorsen, H. O. Factors determining survival and development of Clostridium 
botulium in semi-preserved meats. /:ter Symposium Internat. de Bacteriol. Ali- 
ment., 7, 53-67 (1955). (Annales de l'Institut Pasteur de Lille). 

Hayner, J. H., anp Proctor, B. E. Investigations relating to the possible use of atomic 
fission products for food sterilization. Food Technol., 7, 6-10 (1953). 

Huts, G. M. Chemical factors in the germination of spore-bearing aerobes. The effect 
of yeast extract on the germination of Bacillus anthracis and its replacement by 
adenosine. Biochem. J., 45, 353-362 (1949a). 

Huts, G. M. Chemical factors in the germination of spore-bearing aerobes. The effects 
of amino acids on the germination of Bacillus anthracis, with some observations 
on the relation of optical form to biological activity. Biochem. J., 45, 363-370 
(1949b). 

Huts, G. M. Chemical factors in the germination of spore-bearing aerobes : Observa- 
tions on the influence of species, strain and conditions of growth. J. Gen. Microbiol, 
4, 38- 47 (1950). 

HitzMAwn, D., Zona, S. M. S., anp Hatvorsen, H. O. The requirements for germina- 
tion of spores of some anaerobic bacteria. Bact. Proc., p. 40 (1955). 

Powe Lt, J. F. Factors affecting the germination of thick suspensions of Bacillus subtilis 
spores in t-alanine solution. J. Gen. Microbiol., 4, 330 (1950). 

Srewart, B. T., anp Hatvorsen, H. O. Studies on the spores of aerobic bacteria. I. 
The occurrence of alanine racemase. J. Bacteriol., 65, 160-166 (1953). 


50 
J. 
4. 
S. 
6. 
7. 
8. 
9. 
10. 


SOME FACTORS INFLUENCING THERMAL 
RESISTANCE VALUES OBTAINED BY THE 
THERMORESISTOMETER METHOD® 


J. L. SECRIST anv C. R. STUMBO 
Food Research Department, H. J. Heinz Company, Pittsburgh 30, Pennsylvania 


(Manuscript received May 14, 1957) 


The importance in knowing the true nature of thermal death time curves 
lies in the fact that reliable curves are basic to the accurate calculation 
and evaluation of sterilizing processes. The straight-line semi-logarithmic 
nature of curves representing resistance of bacterial spores to temperatures 
up to 270° F. (132° C.) has been quite well established (3, 8). However, there 
has been some doubt expressed recently (3) as to whether the curves continue 
into a higher temperature zone (270° F. to 300° F.) (132° C. to 149° C.) as 
straight lines. The reason postulated to explain the deviations noted was that 
the higher temperatures operating for short periods of time may not elicit 
chemical changes in the foods, which influence resistance of spores suspended 
therein, to the same extent as lower temperatures operating over longer periods 
of time. The present study was undertaken primarily because the above 
explanation appeared untenable in view of the results reported and because 
it was felt that the thermoresistometer method had been applied beyond its 
limitations of precision. 

The explanation appeared untenable because a similar deviation from 
a straight line was reported for spores suspended in distilled water. It is 
difficult to understand how deviations in this case could be due to high- 
temperature or low-temperature induced chemical changes in the suspending 
medium. Also, no corrections for heating and cooling lags were made, yet 
errors due to these lags should have been appreciable for the extremely short 
heating times employed. Furthermore, appropriate corrections would definitely 
have tended to bring the points into straight lines. 

It is assumed that the reason corrections were not applied was because 
in an earlier piece of work (5) it was impossible to show experimentally 
that corrections would significantly influence the results. For this reason the 
hazards of using phosphate buffers as suspending media in the thermo- 
resistometer method have been explored in this study. It appeared possible 
that the erratic nature of data reported (5), on which the reason for not 
making corrections must have been based, was due to variable evaporation 
from phosphate buffer samples prior to exposing them to lethal temperatures. 


METHODS 
All procedures involved in media preparation, in spore production and in estima- 
tion of spore concentrations were essentially the same as those described elsewhere 


(2) 
A liver broth medium was employed for production of the spores and the thermo- 
resistometer method (7) was used for destroying vegetative cells and activating spores 


* Presented at the Seventeenth Annual Meeting of the Institute of Food Tech- 
nologists, Pittsburgh, Pennsylvania, May 14, 1957. 


| 


aq 
: 


J. L. SECRIST AND C. R. STUMBO 


in connection with spore enumeration. Corrections were applied to heating times (U) 
at each of the various temperatures to compensate for the time required at 220° F. 
(104° C.) (0.464 minutes) to activate the spores of PA 3679. Pork infusion agar was 
employed throughout this study for subculturing heated spores. 

Counts were made of spores activated in each of the media in which the spores 
were to be suspended for heat resistance determinations. Since no differences in spore 
counts were noted due to the nature of the suspending medium, all counts were aver- 
aged to obtain the number used in calculating D values. For establishing the nature 
of thermal death time curves, thermal resistance of PA 3679 spores in strained peas 
and distilled water was determined at 250° F. (121° C.), 260° F. (127° C.), 270° F. 
(132° C.), 280° F. (138° C.), and 290° F. (143° C.). In studies involving different con- 
centrations of phosphate to make neutral buffer solutions and in studies to determine 
the effect of sample drying, resistance was determined at 240° F. (116° C.) and 260° F. 

Preparation, inoculation and heating of all samples were as described elsewhere 
(8). Each sample was inoculated with approximately 10,000 spores, and 6 replicate 
samples were subjected to each time-temperature relationship used. Results of sub- 
culture and incubation were evaluated as previously described (8). All subcultures 
were incubated for 6 weeks at 85° F. to 90° F. (29° C. to 32° C.). 

The inoculated suspending medium was chilled to approximately 39.2° F. (4° C.) 
and pipetted into sample cups pre-chilled to the same temperature. Immediately after 
inoculation, the samples were refrigerated again at 39.2° F. (4° C) until they were 
placed in the pre-exposure chamber of the thermoresistometer. 

All phosphate buffer solutions were prepared according to the method of Sorensen 
(2). Equi-molecular solutions of NasH PO, and KH:PO, were mixed to give solutions 
of pH 7.0. 

Initial temperatures of cup samples were determined for each exposure tempera- 
ture. Values of I [exposure temperature (T:) minus initial temperature (T;)] appear 
in Table 1. These values were used in the calculation of te (lag correction) at each 
exposure temperature. 

The desired exposure temperature (Ts) was first set in the exposure chamber. 
Then the cups were placed in the carrier plate inside the pre-exposure chamber. The 
temperature of the contents of the first cup placed was measured during the period 
of normal six-cup loading. The value of T: was recorded after the last cup was placed 
and the samples were ready to be moved into the exposure chamber. The temperature 
of the samples were recorded using an Ecklund thermocouple connected to a Brown 
electronic recording potentiometer. It was noticed that after the initial surge (less 
than 5 seconds) of temperature rise, the temperature of the samples remained constant 
within + 1.0° F. 

TABLE 1 
Temperatures of thermoresistometer cup samples’ 


I (approx.) 
(Tz — T1) 


Exposure Temperature Initial Temperature 
(Te) (1a) 


174°F. 
'182°F. 
186°F. 
188°F. 
193°F. 
199°F. 


10.02 ml. samples of 1 : 1 Strained Pea-Distilled Water mixture. 


TREATMENT OF DATA 


The basic mathematical procedures are similar to those previously reported (5, 8). 
It is understandable that a lag correction factor (te) should be applied to thermal 
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70°F. 

260°F. 75°F. 
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death time data in the temperature range 290° F. (143° C.) and above. A small correc- 
tion in temperature lag may well alter the true value of U (heating time) when this 


time is necessarily short to begin with. 
The equation for te is: 


te —Bs-U (5) 
where: 
Bs = total heating time 
U exposure time, assuming instantaneous attainment of test temperature 


and instantaneous cooling after heating U minutes 
The heated samples are treated as infinite slabs. It is assumed that the samples 
heat by conduction and that the top and bottom surfaces of the samples approach the 
exposure temperature the instant the samples are drawn into the exposure chamber 
Under these conditions, assuming all temperatures within 0.1° of test temperature 


are at test temperature: 
g = 0.1 (the sample reaches a temperature of 0.1° F below 
exposure temperature) 


j —1.27: (4) 
The formula for the fs of the sample is 


fn = 0.933 —— 


where S = sample half thickness 
K = thermal diffusivity constant 

The diameter of the thermal death time cup measures 0.9 cms. and a 0.02 ml 

volume of sample is spread uniformly over the inner bottom surface of each cup 


Since: V = 


0.02 cm* 
Then: h =——__— 9 0315 cm = 0.0124 inches 
(3.146) (0.45 cm)? 
and: S=0.5h= 0.0062 inches 
The diffusivity constant (K) for strained peas was determined using 211 x 400 


containers with internal dimensions of 2.564 inches in diameter and 3.628 inches in 


length 
The equation for K (4) follows: 
0.398 
— — 
0.427 
(1/a® + ———-) fr» 


a = % diameter == 1.282 inches 
b = % length = 1.814 inches 
An fs value of 40.5 was obtained utilizing newer concepts of fn correction factors 


due to thermocouple error (6 
Substituting in the above equation and solving for K, we obtain a value of 0.0133 
square inch per minute for strained peas. Then for 0.02 ml. samples in thermoresistome- 


ter cups: 


s 


f, — 0.933 


(.0062)? 


fn = 0.933 


0.0133 
fx = 0.0027 
Now, according to Ball (1): 
Bs = fa (log j I- log g) 
Assuming the z value of the test bacterial spore culture is 18, then 
f,/U = 0.58 or U = 1.725 fn 
By substitution, the value of te becomes 
te = fa (log j I-log 0.1) - 1.725 fr 
Using experimental procedures described above, a value of I (7, =T,) of 90” F 


(32° C.) was obtained when the exposure temperature (Tz) was 290° F. (143° C.) 
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The value of j I then is equal to 
1.273 x 90= 115 

and the te value at 290° F. (143° C.) is: 
te = fa (log 115 log 0.1) 1.725 fr 
te = fn (3.061 - 1.725) 
te = (0.0027) (1.336) 
te = 0.0036 minutes 

The corrected value of U is: 
U=Bs-te 

and the Dew value is: 
U (corrected) 


log a- log b 


EXPERIMENTAL AND RESULTS 


Initial studies were designed to determine if heating and cooling lags 
in samples subjected to heat for very short times in the thermoresistometer 
were of such magnitude as to cause serious errors if ignored—that is, con- 
sidered negligible. Without correcting lags, D values were determined for 
PA 3679 spores suspended in strained peas and in distilled water. Tempera- 
tures employed were 250° F. (121° C.), 260° F. (127° C.), 270° F. 
(132° C.), 280° F. (138° C.), and 290° F. (143° C.). For each trial, 6 
replicate samples were subjected to each time-temperature relationship. Each 
trial was repeated 8 times in strained peas and 4 times in distilled water 
making a total of 48 and 24 samples, respectively, subjected to each time- 
temperature relationship. Average D values calculated from the results appear 
in Table 2. Thermal death time curves constructed with the D values appear 
in Figures 1 and 2. 

It may be noted that both curves are straight through 250, 260, 270 and 
280 degree points. The 290 degree point, when no correction was made for 
lags, lies above the straight line through the other points in each case. Since 
this occurred with both strained peas and distilled water, it seemed unlikely 
that it could be a chemical change in the suspending medium affecting thermal 
resistance, as postulated by Esselen and Pflug (3). Correcting for heating 
and cooling lags as outlined above brings, in the case of strained peas, the 
290 degree point almost in line—the 280 degree point was shifted only very 
slightly by lag corrections. Correcting for lags, in the case of distilled water, 
moved the 290 degree point to slightly below the straight line. 

It is recognized that corrections based on lags at the geometrical centers 
of samples will be somewhat greater than they should be. To ascertain the 
true correction would require integration of lethal effects throughout the 
sample—there is no method available for doing this for a sample that is classi- 
fied as an infinite slab. Realizing that we are dealing with total heating times 
fat 290° F. (143° C.)] of only a few hundredths of a minute in length, 
we feel that it would be presumptuous to believe heating and cooling lags 
are the only factors which contribute errors to the results. Further, though 
we refer to heating time at 290° F. (143° C), let us determine for how much 
of the total heating time the center of the sample is at 290° F. (143° C.). 

Br = fn (log j I — log g) 

Assume g of 0.1 or maximum temperature reached 189.9, then from values 

under “Treatment of Data” above: 
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Bg = 0.0027 (log 115 — log 0.1) 
0.00825 minutes 

The average total heating time for the samples of strained peas heated 
at 290° F. (143° C.) was 0.035 minutes, and for samples of distilled water, 
0.021 minutes. Obviously, a great deal of the lethal effect at the center of the 
sample was by temperatures below 290° F. (143° C.). 

In view of these considerations, to obtain an exact value to represent 
thermal resistance, when heating times must be as short as those used in this 
study to obtain 290 degree values, would appear scarcely short of fortuitous. 
Certainly, we cannot justifiably consider deviations such as those pictured in 
Figures 1 and 2 as indicating curvature of the thermal death time curves 
until some method is available to make more accurate determinations. The 
accuracy requirement is beyond the limit of the thermoresistometer method 


D- VALUE (MINUTES) 
° 


270 260 


TEMPERATURE °F 


Figure 1. Thermal death time curve for NCA PA 3679 spores in distilled water. 
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D- VALUE (MINUTES) 
° 


TEMPERATURE °F 
Figure 2. Thermal death time curve for NCA PA 3679 spores in strained peas. 


and only rough approximations should be expected when using the method 


under such circumstances. 

Soon after development of the thermoresistometer, a limited study (un- 
published) was carried out to determine the effect on thermal resistance 
of evaporation from phosphate buffer solutions when they were used as 
spore suspending media. The chances for considerable evaporation from the 
sample cups after they are placed in the carrier plate of the thermoresistometer 
are certain if there is any appreciable delay between placing the samples 
in the plate and drawing them into the exposure chamber. Results of the 
study showed that evaporation caused an increase in spore resistance, and 
since the extent of evaporation was often variable among samples, it was 
usual to observe very erratic results, particularly in the form of skips. No 
such effect was observed for a number of different food products used as 
suspending media. 
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TABLE 2 
D values for NCA PA 3679 spores in strained peas and distilled water. 


D Values 


Corrected Values 


Same to 


Decimal ce 


Average 


260°F 


Average 


270°F. 0.080 0.060 


Average 0.081 0.062 
280°F. 0.023 0.018 0.022 Corrected 
124 0.021 0.023 Values 
0.025 0.018 0.024 same to 
0.028 0.020 0.027 3rd Decimal 


Place 


Average 0.019 4 
290°F. 0.0099 0.0062 0.0091 0.0053 
0.0099 0.0063 0.0090 0.0054 
0.0084 0.0068 0.0076 0.0059 
0.0082 0.0059 0.0073 0.0049 

0 0086 


0.0095 
0.0094 0.0085 
0.0093 0.0063 0.0084 0.0054 


Average 


The more detailed study reported here confirms these earlier observations. 
Four different concentrations of phosphate buffer, prepared as described 
above under “Methods,” and distilled water were employed as suspending 
media to determine the effect of phosphate concentration on thermal resistance 


of PA 3679 spores. All inoculated samples were heated at 260° F. (127° C.) 


pe 
: 
— = —<—<—<—— — = = — 
Exposure Temperature Uncorrected | Corrected a 
Strained Peas Distilled Water Strained Peas Distilled Water ’ 
250°F. 1.120 0.726 = 
0.946 0.652 a 
1.060 0.668 
0.980 0.634 
1.250 
1.140 
1 0R 
) 
1.120 ‘oe 
1.087 0.670 
29 0.195 
) 325 0.207 
0.282 0.201 
( 0.187 Corrected Values a 
359? cay tr 
1 3rd De mal 
0.198 
0.062 
0.060 
7 0.065 Corrected Values fa 
sare to 
3rd Decimal Place 
‘ 
0.02¢ 0.025 
0.025 0.024 
0.02¢ 0.025 
0074 
‘ 
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and replicates ranged from 18 to 24. All samples after preparation were 
refrigerated until just prior to placing them in the thermoresistometer, and 
drawn into the exposure chamber as soon as possible thereafter. Results appear 
in Table 3. Though the increase in resistance with increase in phosphate con- 
centration appeared obvious, the data were subjected to statistical evaluation. 
The difference in resistance of the spores in distilled water and in M/15 
phosphate buffer was found to be highly significant. Likewise, the differences 
in resistance of the spores in M/15 buffer and in M/3.75 and M/1.875 buffer 
were found to be highly significant. 

Further studies demonstrated that evaporation from phosphate buffer 
samples in the carrier plate of the thermoresistometer, when the samples were 
allowed to remain in the plate for extended periods of time before being 
drawn into the exposure chamber, caused similar increases in resistance. 
However, unless evaporation among samples was well controlled, resistance 
values observed were quite variable. We found it very difficult to control 
the evaporation when the thermoresistometer was being operated at tempera- 
tures above 240° F. (116° C.). But, the erratic nature of such results further 


TABLE 3 
Thermal resistance of NCA PA 3679 spores in phosphate buffers 


Suspending Medium Dow Values | Difference 


Distilled Water - 0.204 
Very Highly Significant .001 


M/15 Phosphate Buffer : | 0.382 


| Not Quite Significant at .05 


M/7.5 Phosphate Buffer | 0.454 
| Highly Significant .01 


M/3.75 Phosphate Buffer E 0.513 
Not Quite Significant at .05 


M/1.875 Phosphate Buffer 7.0 | 0.564 


supports the conclusion that when using phosphate buffer as suspending 
medium for spores to be heated in the thermoresistometer, extreme caution 
must be exercised to keep evaporation from samples to a minimum prior to 
their being heated. 

Results in Tables 4 and 5 show the effect of evaporation in samples heated 
at 240° F. (116° C.) after they had been allowed to remain in the carrier 


TABLE 4 


Thermal resistance of NCA PA 3679 spores in M/15 Phosphate Buffer 
subjected to drying 


Drying Time (Minutes) | Davo Values 


Zero 5.84 


1.5 


3.0 


= 
om 
= 
= | 8.32 | 
g 
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TABLE 5 
Thermal Resistance of NCA PA 3679 spores in strained peas subjected to drying 


Drying Time ( Minutes) 


Zero 


3.0 


plate for 0.00, 1.50, or 3.00 minutes prior to their being drawn into the 
exposure chamber. In this study 240° F. (116° C.) was purposely chosen 
because the carrier plate was not so hot as to preclude reasonably accurate 
timing of the preheating periods. Statistical evaluation of the data shows 
the differences between the D values for spores in strained peas preheated 
for the different lengths of time not to be significant at the 5°% level. Differ- 
ences in D values for the spores in M/15 phosphate buffer preheated for 
the different lengths of time were significant. 


SUMMARY 


Thermal resistance values are presented for PA 3679 spores suspended 
in strained peas and distilled water and subjected to temperatures in the 
range 240° F. (116° C.) to 290° F. (143° C.). Thermal death time curves 
constructed from these data are straight lines through the point representing 
280° F. (138° C.), without corrections for heating and cooling lags. The point 
representing 290° F. (143° C.) lies above the straight line in each case. 
Approximating a correction for heating and cooling lags and applying it 
tends to bring the 290° point into line. Reasons for expecting deviations when 
heating times are very short are discussed. It is concluded that methods 
for more accurate measurement of thermal resistance, when heating times 
are extremely short, will have to be developed before the true nature of 
thermal death time curves for the higher temperature range, above 280° F. 
(138° C.) in the case of PA 3679 spores, can be determined. There is no 
indication from data presented here that true curves are not straight lines. 
Data showing the effect of phosphate concentration in neutral buffer 
solutions on thermal resistance of spores suspended in the solutions are pre- 
sented. Thermal resistance was found to increase with increases in phosphate 
concentration. It was also found that if evaporation of phosphate buffer 
samples were allowed in the pre-exposure chamber of the thermoresistometer, 
erratic results could be expected, for reasons of increasing the phosphate 
concentration of the suspending medium. This effect of evaporation (con- 
centration of sample) on thermal resistance was not observed for strained 
peas. Previous work had indicated it was not important for a number of other 
food products and for distilled water. 
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BROWNING OF SUGAR SOLUTIONS 
I. Effect of pH and Type of Amino Acid in Dilute Sugar Solutions* 


C. O. WILLITS, J. C. UNDERWOOD, H. G. LENTO, Jr.,” anv C. RICCIUTI 
Eastern Regional Research Laboratory,* Philadelphia 18, Pennsylvania 


(Manuscript received May 14, 1957) 


Many years of research on the browning of food materials has shown that, 
under favorable conditions for each, many organic compounds react in various 
ways to form dark-colored products. After Maillard (5) published his classical 
work on the reaction of amino and carbonyl groups, most of the work on 
browning was directed toward finding the mechanism of the formation of the 
colored reaction products of amino compounds and reducing sugars, stressing 
the role of the amino compounds. That little study has been directed toward 
other reactants of the browning mechanism is indicated by excellent reviews 
of the subject which have been published by Hodge (2) and Liggett and Deitz 
(4). More recently, however, Schroeder, Iacobellis and Smith (6) have pro- 
posed the theory that browning and the Maillard reaction may occur independ- 
ently of each other. They found that browning (expressed in qualitative terms ) 
in glucose solutions appeared to be largely due to the effect of pH on the hexose, 
and not to the interaction between amino compounds and carbohydrates. Taufel 
and Iwainsky (7) have reported similar results. Joslyn (3) has shown that the 


amino acids play a minor role in browning. 

Since the typical brown color of maple sirup is produced in the presence 
of almost no amino compounds (0.001% N in maple sap), a type of nonamino 
browning is indicated. Therefore, studies at this Laboratory on the control of 
color and on the development of flavor in maple sirup have been directed 
primarily toward the sugars, which are the major constituents of maple sap 
and sirup. It is quite possible that alkaline degradation of the hexoses in the 
sap is part of the mechanism of color development in maple sirup, since the 
sap passes through a stage of alkaline pH, during the evaporation (1). As to 
the amino-carbony] reaction, it is well known that this occurs best in concen- 
trated solutions or in the dry state, whereas the browning of maple sirup takes 


place in a dilute solution. 

In an effort to clarify the browning mechanism as it applies to maple sap, 
the authors have for some time been conducting experiments with model sys- 
tems of dilute glucose solutions both with and without amino acids and under 
a variety of pH conditions. This paper presents the results of some of these 
studies on the effect of pH and type of amino acid on the browning of dilute 
glucose solutions. Statistical analysis of the data provide further evidence to 
substantiate the theory that the effect of pH on the hexoses in the sap are 
primarily responsible for the browning reaction in maple sirup. 


* Presented at the Seventeenth Annual Meeting of IFT, Pittsburgh, Pa., May 14, 1957. 
» From work done for a thesis to be submitted by H. G. Lento to the Graduate School 
of Georgetown University as partial fulfillment of the requirements for the degree of Doctor 


of Philosophy. 
* One of the laboratories of the Eastern Utilization Research and Development Division, 


Agricultural Research Service, U. S. Department of Agriculture. 
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EXPERIMENTAL 


Effect of pH and individual amino acids in glucose solutions. To a series of 48 
portions of 10 ml. of distilled water in 50-ml. beakers was added 1 ml. of a 1.25 M. glu- 
cose solution. The series was divided into 4 sets of 6 solutions each in duplicate. To 
each of the portions in 3 sets, 5 ml. of 1.25 M. solutions of L-lysine monohydrochloride, 
pt-alanine, and L-glutamic acid monohydrochloride were added respectively. The fourth 
set, the control, contained only the glucose. The solutions in each of the 4 sets were 
adjusted to the desired pH (3, 5, 6, 7, 8, and 9 + 0.05) by titration with either 1 N. 
sodium hydroxide or 1 N. phosphoric acid. Immediately 15 ml. of the appropriate 
phosphate buffer was added to maintain the desired pH constant throughout the 
heating period. The buffered solutions were quantitatively transferred to 50-ml. volu- 
metric flasks and made to volume with distilled water. The solutions were 0.025 M. in 
respect to glucose and 0.125 M. in respect to the amino acid. Ten milliliters of each of 
these solutions were transferred to a 16 mm. x 15 cm. test tube (drawn down to 2 mm. 
5 cm. from the open end of the tube). To fill the tubes they were first warmed and then 
the 10 ml. of solution was added to the top funnel-like portion. The tube was then 
chilled in ice water and the solution drawn into the lower part of the tube with 2 cm. 
of free space between the liquid and the constricted portion. The tubes were allowed 
to drain a few minutes, after which the constricted portion was sealed off with a flame. 

The glucose solutions in the sealed tubes were heated at 114° C. by autoclaving at 
10 p.s.i. for 20 minutes. Following this, the tubes were immediately chilled in ice water. 
The tubes were opened at the seal and aliquots removed for measurement of color. 


TABLE 1 


Effect of individual amino acids and pH on the color developed in a 0.025 M. glucose 
solution heated for 20 minutes at 114°C. in an autoclave 


Absorbance 


Components 500 ma 


0.00 
0.00 


Glucose ......... 


un w 


Glucose + DL-alanine.......... 


Glucose + glutamic acid........ 


CONIA Mw 


Glucose + lysine 


0.00 
| 0.18 
0.48 
0.00 
0.00 
0.00 
0.14 
0.20 
0.33 
0.00 
0.00 
0.00 
0.02 
0.12 
0.50 
| 0.00 
} 0.00 
0.35 
0.65 
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Absorbances were measured at 500 mu with a Cary recording spectrophotometer‘* in 
a l-cm. cell. Solutions with absorbances greater than 0.8 were diluted before measuring. 
The results are given in Table 1. 

Effect of pH and different concentrations of mixtures of 3 amino acids in glucose 
solutions. To determine the effect of such multiple factors as pH, mixtures of amino 
acids, and different concentrations of them on heated dilute solutions of glucose, a 
statistically designed experiment was conducted. It consisted of a 3x2x4 factorial 
arrangement with 3 amino acids at 2 concentrations each and 4 different pH’s. All 
solutions contained the same concentration of glucose, 0.025 M. The amino acids were 
pL-alanine, L-glutamic acid monohydrochloride, and L-lysine monohydrochloride. The 
design was so arranged that each solution contained the 3 acids with the concentration 
of the individual acids either 0.0025 M. or 0.125 M., and was buffered at a pH of either 
4, 6,7, or 9. 

To reduce the number of samples required to be handled at one time, the design 
was set up in two parts, each having a factorial of 3x2x2. This was identical with the 
above 3x2x4 except that pH 4 and 6 were used in one arrangement and pH 7 and 9 in 
the other. These solutions were made up, heated, and the resultant color measured as 
in the previous experiment. The absorbances of the solutions relative to distilled water 


are shown in Table 2. 


TABLE 2 


Effect of mixtures of amino acids at various levels of concentration on the browning 
of a 0.025M. glucose solution at pH 4, 6, 7 and 9 heated for 20 minutes at 114°C. 
in an autoclave 


pH + pH 6 pH7 | 


Components? 


Glucose 0.00 0.00 0.08 0.26 
A:GhL, 0.00 0.01 0.09 0.29 
A,Gh Ls 0.00 0.06 0.48 0.9 

A:iGLL: 0.00 0.02 0.08 0.23 
A:GlsLs 0.00 0.06 0.54 0.97 
AsGLL, 0.00 0.02 0.09 0.23 
A3sGhLL; 0.00 0.08 0.52 1.20 
A;sGh:L, 0.00 0.02 0.10 2 


2A; = pi-Alanine at 0.0025 M. level. 
As = pi-Alanine at 0.125 M. level 
Gh = t-Glutamic acid monohydrochloride at 0.0025 M. level. 
Gis = t-Glutamic acid monohydrochloride at 0.125 M. level. 
La = t-Lysine monohydrochloride at 0.0025 M. level. 
= t-Lysine monohydrochloride at 0.125 M. level. 


RESULTS 


Effect of individual amino acids and pH. The amount of color developed 
in the various glucose solutions is recorded in Table 1 and in Figure 1 as 
absorbance at 500 mu. The compounds pt-alanine, an example of the neutral 
amino acids, and L-glutamic acid monohydrochloride, an example of the acidic 
amino acids, had no apparent effect on the amount of browning which took 
place irrespective of the pH of the solution. However, the lysine, an example 
of the basic amino acids, significantly influenced the amount of color formed. 
In the solutions containing only glucose no browning occurred below pH 7, but 
above this point color began to form in increasing amounts as the alkalinity of 


* Mention of trade names does not imply endorsement by the U. S. Department of 
Agriculture over similar products not mentioned. 
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Figure 1. Absorbance at 500 mu. 


the solution increased. When lysine was present with the glucose at pH 7 and 
above, the solutions were browner than the corresponding controls. Further, 
this amino acid caused a small amount of color in the glucose solution at pH 6. 
This is in agreement with the observations made by Joslyn on the browning 
of orange juice (3). Under the conditions of the present investigation those 
solutions containing either alanine or glutamic acid were not more colored than 
the controls ; hence it was concluded that the degree of basicity of the solution 
was a dominant factor in the amount of color produced. This basic condition 
often occurs in natural products such as maple sirup, but it is a condition which 
has not been observed in the majority of the studies on browning which have 
emphasized the effect of pH upon the reaction of amino acids and reducing 
sugars. 

Effect of mixtures of amino acids at different levels of concentration 
and pH. The data in Table 2 again show the necessity of an alkaline medium 
for significant color development in dilute solutions. Also, the positive effect of 
lysine was again demonstrated by the browning which occurred at pH 6, even 
at a very low level of concentration. 

At pH 7 and pH 9 the reaction of the medium plus the effect of the amino 
acids caused the formation of significant color in all the treatments. Therefore, 
to determine the relative effects and whether or not there were interactions 
among the alanine, glutamic acid, lysine and pH, the data obtained by the 16 
treatments (Table 2) were analyzed statistically. 

The experimental design used was an unreplicated 2‘ factorial as shown in 


/ 
0.8 / 
/ 
| / 
/ 
/ 
/ 
- 
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Table 3. The data were treated by an analysis of variance and the main effects 
and the first-order interactions were tested using higher-order interactions as 
experimental error. The complete analysis is shown in Table 4. To attain 
significance at the 1% probability level, an F value of 16.26 was required. 
Therefore only the lysine x pH interaction is significant. It is also clear from 
this table that the effects of lysine and pH are unequivocally the only factors 
causing the formation of color in the glucose solution. However, because of 
the lysine x pH interaction these main effects have to be interpreted with 
caution. It will be helpful, therefore, to look at the table of means for these 
two factors (Table 5). It is apparent from this table that most of the treatment 


TABLE 3 


Experimental design of the 2‘ factorial showing combinations of the four factors 
pH, alanine, glutamic acid, and lysine 


PH7 7A:GlsL:| 7A:GleL2| 7AsGhLi 


pH9 9A:GhL, Li | Ls | 9A2GleL: | 9AsGleLe 


A Alanine Subscript 1 low level of concent 
Gl = Glutamic acid Subscript 2 = high level of concentration 
Lysine 


TABLE 4 
Results of statistical analysis 


grees of Sums of Mean . 
F 


De 
Free 


iom quares Squares 


Total 15 2.1868 

Ai vs. 1 0.0105 0.0105 3.48 
Gl; vs. Gle... 1 0.0008 0.0008 0.27 
L; vs. Le.. 1 1.5563 1.5563 515.33 
pH 7 vs. pH 9 1 0.4658 0.4658 154.24 
A X <AA....... = 0.0008 0.0008 0.27 
AX L 1 0.0095 0.0095 3.15 
A X pH 1 0.0033 0.0033 1.09 
Gl X L 1 0.0011 0.0011 0.10 
Gl X pH 1 0.0028 0.0028 0.93 
L X pH | 0.1208 0.1208 40.00 
Error 5 0.0151 0.00302 


1% level 
! Symbols same as in Table 3 
2 Book value 


TABLE 5 
Table of the means of lysine and pH Interaction 


Li Ls Means 


0.32 
0.66 


Variation! 
6.61° 
= 
pH 9 ........ 0.26 105 
Means ... 0.18 0.80 
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effects can be attributed to the synergistic effect of the lysine-pH complex when 
the solution is alkaline. There is, of course, definite indication of a pH effect 
in the absence of lysine and this confirms the data presented in Table 1. Also 
there was some indication of a lysine effect at pH 7. 

All this suggests that a degradation of the sugar may be a primary reaction 
and a prerequisite in the browning mechanism. In these experiments browning 
occurred only in alkaline solutions except for those in which lysine was present. 
In these solutions a small amount of color was formed at a pH as low as 6. 
This could have been due to a local basicity effect of either one or both of the 
amino groups. This hypothesis was tested further by determining the effect on 
browning of two other basic amino acids, arginine and histidine. These, how- 
ever, had no effect on the amount of browning in a 0.025 M. glucose solution. 
A further study of the increased color production due to the presence of lysine 
in an alkaline sugar solution will be reported in a subsequent paper. 

The glucose solutions that were 0.0025 molar in respect to lysine (Table 2) 
contained 20 times the amount of nitrogen that is present in maple sap. Further, 
only a small percentage of the nitrogen in the sap is in the form of amino acids 
and a still smaller fraction is lysine. Therefore, the fact that no significant 
increase in color occurred in these solutions with the low-level concentration of 
amino acids, would be further evidence that amino acids are not responsible for 
the browning of maple sirup. 


SUMMARY 


The amount of color developed in a heated dilute glucose solution was influ- 
enced by the pH of the solution and type of added amino acid as follows: 
Glucose solutions containing no amino acids developed color only when 
their alkalinity exceeded pH 7. 
An alkaline medium was a prerequisite for significant browning in all 
cases. 
The presence of alanine or glutamic acid in the glucose solution did not 
cause a significant increase in the amount of color produced relative to 
the control at any pH. 
The glucose solutions containing lysine exhibited more browning at pH 7 
and above than did similar solutions of only glucose. Further, this amino 
acid induced the formation of a small amount of color at pH 6. 
The effect of lysine did not appear to be due to its basicity, since arginine 
and histidine, other basic amino acids, had no positive effect on browning. 
Statistical analysis of the data shows that lysine and alkaline pH had a 
synergistic effect on the amount of color developed and that no other 
combination had such an interaction. 
Extrapolation of these results on model systems to the browning of maple 
sirup indicates that amino acids have no part in this reaction. 
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BROWNING OF SUGAR SOLUTIONS 


II. Effect of the Position of Amino Group in the Acid Molecule 
in Dilute Glucose Solutions* 


H. G. LENTO, J. UNDERWOOD, C. O. WILLITS 
Eastern Regional Research Laboratory,* Philadelphia 18, Pennsylvania 


(Manuscript received May 14, 1957) 


In the previous paper of this series (2), it was shown that when glutamic 
acid, alanine, or lysine was present in a dilute glucose solution heated at 114° C., 
only the lysine, a basic amino acid, caused a significant increase in browning. 
This effect of lysine became more pronounced with increasing alkalinity of the 
sugar solution. Acidic and neutral amino acids did not show this accelerating 
effect, nor did arginine and histidine, other basic amino acids. Therefore, since 
lysine, in addition to being basic, is a simple diamino compound it was postu- 
lated that the number and the position of the amino groups in the amino acid 
molecule might determine its activity in the browning mechanism. The purpose 
of the present investigation was to determine the effect on the color developed 
in a glucose solution at pH 8 of several series of amino acids containing one or 
two amino groups. A first series contained the 4-, 5-, and 6-carbon homologs of 
lysine with amino groups attached to the alpha and terminal carbons. A second 
and a third series were composed respectively of the 3-, 4-, 5-, and 6-carbon 
examples of the alpha-amino and the terminal amino monocarboxylic acids. 


EXPERIMENTAL 


Weighed amounts of each amino acid, equivalent to 10 ml. of a 0.1 molar solution, 
were placed in separate beakers containing 2 ml. of the phosphate buffer solution, made 
according to Hawk, Oser, and Summerson (1). The pH was adjusted to 8 by titration 
(Beckman glass electrode pH meter*) with 0.1 N NaOH. To stabilize and keep the 
pH constant during the heating an additional 3 cc. of the buffer was added, and the 
solution quantitatively transferred to a 10-ml. volumetric flask containing 1 ml. of a 
stock glucose solution (0.1801 g. glucose per ml.) and the solution made to volume. 
The resulting solutions were 0.1 molar in respect to both the particular amino acid and 
to the glucose. Five-milliliter aliquots of each of these solutions were heated in sealed 
tubes at 114° C., at 10 p.s.i., as described previously (2). After cooling, the absorbance 
of the browned solutions was measured at 500 mu in a Cary recording spectrophotom- 
eter. Data presented in Table 1 are averages of duplicate determinations. 


RESULTS AND DISCUSSION 


The amount of browning varied widely as influenced by both the type and 
chain length of the amino acid present. Graphic presentation of the influence 
of the 3 different series of amino acids tested is shown in Figure 1. In general, 


* Presented at the Seventeenth Annual Meeting of IFT, Pittsburgh, Pa., May 14, 
1957. 

>» From work done for a thesis to be submitted by H. G. Lento to the Graduate 
School of Georgetown University as partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

© One of the laboratories of the Eastern Utilization Research and Development 
Division, Agricultural Research Service, U. S. Department of Agriculture. 

4 Mention of trade names does not imply endorsement by the U. S. Department of 
Agriculture over similar products not mentioned. 
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Figure 1. Influence on browning of three series of amino acids. 


the monoamino acids containing the amino group in the alpha position caused 
only a small increase in color compared to those containing the amino group in 
the terminal position or to those containing two amino groups. The 6-carbon 
diamino acid, lysine, produced the greatest increase in color formation of all 
the 12 acids tested. This tremendous acceleration of browning by lysine does 
not seem to be wholly related to the general basicity which this compound 
would impart to a glucose solution. It was pointed out in the first paper of this 
series that arginine and histidine do not show the same positive effect as lysine. 
These two amino acids are basic in their reaction when in solution, but have 
different molecuiar structures than lysine. Another aliphatic diamino acid 
closely related to lysine, ornithine (8,a-diamino valeric acid), also caused 
increased color development in the glucose solution. Apparently, then, the form 
of the molecular structure of the amino acid as well as its acid-base reaction in 
solution is a factor in determining its influence on browning. 

The chain length of the amino acids produced an effect on the coloring of 
the glucose solution which varied with the type of amino acid. Figure 1 shows 
that the longer chained aliphatic alpha mono-amino acids, such as norvaline 
and norleucine, caused the production of only slightly more color than the 
shorter chained acids such as alanine. The absolute amounts of color which 
developed in the glucose solutions treated with monoamino aliphatic acids were 
only slightly more than the amount developed in the glucose control. Again it 
should be noted that the influence of the monoamino aliphatic acids as a whole 
was very slight compared to the terminal and diamino acids. 

The monamino acids containing the amino group in the terminal position 
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produced variable results on browning. Increasing their chain length from 3 
to 4 carbons caused a significant increase in the amount of color in the sugar 
solution. However, the 5-carbon acid, 8-amino valeric acid, produced a smaller 
amount of color than the 4-carbon acid. Further, the solution containing the 
6-carbon acid, e-amino caproic acid, did not show any more color than the 
glucose control. One possible explanation of this reversal in effect with increase 
in chain length is that the terminal amino group in 3- and 4-carbon monoamino 
acids are kept at a distance from the carboxyl group, whereas the amino group 
in 5-and in 6-carbon acids, because of the latter’s ability to bend, is brought 
closer and closer to the carboxyl group, thus decreasing the effect of the amino 
group. 

In the case of the diamino acids, the 2.4-diamino butyric acid caused only a 
Jor formation. However, the rate of increase in color forma- 
th for this series was much greater than that for 
is. Consequently the amount of color 


small increase in c 
tion with increase in chain leng 
either of the two series of monoamino ack 
developed in all of the solutions tested was greater in the sugar solution contain- 
ing lysine. 
SUMMARY 


In studying the effect of the positions of the amino groups in amino acids 
has been shown that the diamino acids 


on the browning of glucose solutions it 
caused the formation of the largest amount of additional color as compared to 
a glucose control. The greatest increase was caused by the 6-carbon diamin 

acid, lysine. The monoamino acids with the amino groups at the end of the 
in the color formation. Increased color formation 
creased from 2 to 4 carbon atoms 


chain caused varied changes 
occurred as the chain length of this series in 
and then decreased as the chain length increased further to 5 and 6 carbon 
atoms. The monoamino acids with the amino group in the alpha position had 
almost no effect on the amount of color produced, regardless of chain length. 
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A METHOD FOR THE CHARACTERIZATION OF 
PECTIC SUBSTANCES IN SOME FRUIT 
AND SUGAR-BEET MARCS 


MILDRED GEE, ELIZABETH A. McCOMB, anp ROLLAND M. McCREADY 
Western Regional Research Laboratory,* Albany, Calif. 


(Manuscript received May 31, 1957) 


Interest in the pectic substances has persisted because of their important 
role in maintaining the texture of fruits, vegetables, and their processed prod- 
ucts (3). 

Previous researches, explaining the changes in pectic substances as related 
to texture, required the extraction of pectic substances, partial purification, and 
chemical characterization of the isolated material. Analyses include determi- 
nation of percentage of esterification of uronic acid carboxyl groups, acetyl, 


anhydrouronic acid, gross solubility characteristics, and in some cases molecular 


weight (9). 

Pectic substances as high-molecular-weight carbohydrate polymers are inti- 
mately associated with the insoluble cellular materials in plants. Because of 
their association in the three dimensional lattice of the cellular framework it 
has not been possible to extract them completely from this matrix without 
changing their chemical and molecular composition. For these reasons most of 
the conclusions based upon the role of pectic substances in fruit texture have 
been drawn from the characterization of less than 50 to about 70% of the total 


pectic substances present (7). 

The assumption that the unextracted pectic substances are identical to those 
extracted, isolated and analyzed is at best tenuous. Further work may or may 
not demonstrate that unextracted pectic substances have the same physical and 


chemical composition as those isolated. 

The procedure outlined here permits a quantitative determination and par- 
tial chemical characterization of the total amount of pectic substances without 
extraction from the plant tissue. Fresh plant tissue was extracted with acidified 
ethanol which served to inactivate enzymes, to remove sugars, soluble organic 
acids and salts, and convert the pectinate salts to their acids. The resulting 
marc (insoluble residue) was analyzed directly without extracting the pectic 
substances. The carboxyl groups, free and combined, present in the insoluble 
sugar-free marc are those associated with the pectic substances. After correc- 
tions for acetyl, the polygalacturonic acid content analyzed by titration and by 
a colorimetric carbazole method were in agreement. All of the carboxyl groups 
present in the marc were titrated. The sum of the esterified uronic acid and 
acetyl carboxyl groups was obtained by direct saponification. The acetyl value 
was determined by a colorimetric procedure with the ferric hydroxamic acid 
color reaction with esters (5). The total anhydrouronic acid, the acetyl, and 
percent uronic acids esterified were thereby obtained. Results can be obtained 


* Western Utilization Research and Development Division, Agricultural Research 
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1d without the 


on limited amounts of plant material in less working time, ar 
uncertainty inherent in prev iously described methods 


EXPERIMENTAL 


Preparation of marc. Add a representative sample of the fresh plant material to 


3 volumes of 95% ethanol This serves to inactivate the enzymes and partially dehy- 
drate and extract soluble substances Irom the pulp. After at least one hour of the 
initial treatment, drain and filter off the solvent through a fine-porosity nylon cloth and 
as possible. Blend portions of the pulp in an electric blender with about 
two volumes of acidified ethanol (750 ml. of 95% ethanol, 200 ml. water, and 50 ml. of 
concentrated hydrochloric acid) Combine the blended mixture, stir vigorously for 
about an hour, and filter off the s slvent as before. When the material becomes suffici- 
ently dehydrated to filter easily, further filtrations and washings may be done on a 
lass funnel. Blend the pulp with two volumes of fresh 70% ¢ 
portions of the filtrate show a 


press as dry 


coarse fritted 2 thanol, filter 


ind repeat this blending ar d washing treatment until 
negat reaction for chloride with a silver nitrate test 


itive 

Wash the moist chloride-free pulp once or twice with 2 vo 

dry the material without heating. Samples of the dried mare are much more easily 
handled if they are in moisture e wilibrium with that prevailing in the laboratory. Grind 


lumes of acetone and 


the air-dried marc to pass a 40-mesh s¢ 7 
Free acidity Add to 1.000 g. of air-dried marc 5 ml. of ethanol, 100 ml. of water, 
and 1 g. of sodium chloride (4 For ease of titration allow the slurry to shake for 15 


“reel 


minutes on a mechanical shaker Add 6 drops of Hinton’s indicator (2) (prepared by 
mixing the sodium salts of the t ‘lowing: 3 volumes of 0.4% phenol red and 1 volume 
each of 0.4% bromothymol blue an 1 0.4% cresol red, with 1 volume of distilled water) 


and titrate with 0.1N sodium hvdroxide to a magenta end-point that holds for at least 
I ‘rously during the titration. The titer in 


one minute. Shake the marc suspension Vig 
ide equals milliequivalents of free 


milliliters times the rmality of sodium hydr 
carboxyl groups per gram of marc 
Total esters. Add 10 ml. of 0.5 V sodium hydroxide to this neutralized suspension 
and allow the mixture to st for 30 minutes at room temperature to saponify the 
ester groups. Add exactly 10 mi. of 0.5 N hydrochloric acid and titrate the marc sample 
wit lium hydroxide to a Hinton s indicator magenta end-point that remains 
ir oT ite while shaking 1s continue 1 Correct this titer for inequalities in the 
0.5 N reagents by running a blat k. The corrected titer in milliliters times the normality 
of sodium hydroxide equals n illiequivalents of esters saponine { per gram of marc. 
Acetyl. Determine ety] directly on the dried fruit marc colorimetrically, with 
the hydroxamic acid method « »yand McCready (5 


Calculations. Reduce all meas rrements to milliequivalents per gram of marc 
nhvdrou } 17 


Phen: An ironic acid (AUA) equivalent weight 1/6 
Esters less acetyl = ester! ed uronic acid carboxyls. 


1 uronic acid carboxyls = 


plus esterihet 


total uronic acid carbs xyls (free and combined) 
176 x 100 x total uronic acid carboxyls 
% anhydrouronic acid (AUA 
1,000 


esterified uronic acid carboxyls x 100 


total uronic acid carboxy!s 


RESULTS AND DISCUSSION 


The results of the analyses of some fruit and vegetable mares are presented 
1. The anhydrouronic acid (AUA) is compared with data obtained by 


in Table L 
a colorimetric carbazole m« thod (6). 

The AUA determined colorimetrically 1s comparable to that calculated 
from the sum of the free and esterified uronic acid carboxyl groups in the 


proposed titrimetric method. These results indicate that in these samples of 


ay 
_ 
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TABLE 1 
Analyses of fruit and sugar-beet marcs' 


| | Anhydrouronic acid Degree of 


Sample | Ash Water Carbazole Titrimetric| Acetyl 


Blenheim apricots ............. | 0.41 | 10.21 24.9 26.6 1.46 69.4 
Montmorency cherries....... 0.76 | 11.15 29.3 28.5 0.68 31.3 
Royal Anne cherries......... 0.29 10.02 30.5 30.4 1.17 62.1 
July Elberta peaches......... 1.39 9.94 22.3 23.7 1.37 73.6 
Santa Rosa plums............. | 0.42 10.62 23.3 21.6 1.31 72.2 
| 0.31 8.65 20.9 18.2 3.29 47.2 
Susser 1.58 7.83 21.5 21.2 3.60 7.2 

1 The analyses are averages of 3 or more separate determinations that agreed well with each other 


® Sugar-beet marc prepared by washing with acetone in the same concentrations as that described 
using ethanol. 


marc, with the exception of the acetyl esters, all of the carboxyl groups deter- 
mined by titration, free and esterified, are those associated with the pectic 
substances. This procedure has been used before for analyzing partially purified 
pectic substances (2). Anyas-Weisz et a/. (1) used an ion exchange procedure 
to remove soluble ionic constituents prior to determining the pectic substances. 
When acetyl groups were present, they were determined separately and appro- 
priate corrections made. 

In the samples analyzed here the ash varied from 0.29% to 1.397, but the 
alkalinity of the ash was negligible and corrections were not required in calcu- 
lating the anhydrouronic acid values as was previously recommended (9%). 

Marc samples prepared as described using ethanol as a solvent to remove 
soluble materials should be analyzed as soon as practicable. Some samples 
stored at room temperature have shown a measurable change in conversion of 
esterified carboxyls to free carboxyls in one week's time. If it is desirable to 
store samples for a long period of time, further tests should be made, or pref- 
erably they should be stored in acetone in the semi-fresh condition and before 
acidification. Ethanol was used to prepare the fruit marc samples shown in 
Table 1, but acetone was substituted for ethanol in the preparation of a sample 
of sugar beet marc. The results shown in Table 1 indicate that the use of acetone 
is as effective as ethanol. 

Furthermore, qualitative tests for pectin in situ with a modification of a 
hydroxamic acid test for pectin (8) have indicated that pectic substances in 
plant materials stored for long periods of time in ethanol undergo slow esteri- 
fication. Esterification does not occur when acetone is used as a solvent to 
prepare marc. 

The assumption that the titratable acidity present in all species of fruit and 
vegetable marc is due to pectic substances should not be made. The total pectic 
substances as determined by the carbazole method should agree with that calcu- 
lated from the titrimetric procedure. If these results do not agree, the titrimetric 
procedure cannot be employed for study of the pectic substances in the material. 


SUMMARY 


A procedure is described whereby samples of fruit and vegetable marc 
are prepared by removing soluble substances with acidified dilute ethanol or 
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acetone. The marc is analyzed by titration for total carboxy] and after saponi- 
fication for total e groups. The acetyl is determined separately by a colori- 
metric method and the esterified uronic acid groups are ‘alculated from total 
esters less act l 


Thus total pectic stances as anhvdrouronic acid (AUA), the degree of 


all be obtained by direct analysis of mare without 


riais, provided It tlds rs een @Cstav- 


esterification, and can 


y ana puril 


that total pect: ubstan Iculated n n 


is method agree with results 
] 


e method 


Bestimmung and Charakterisieurut 
‘ 


Chemical Publishing Co., New York, N. Y. pp 


Pippen, E. L. 
W. D. Methods 
| analysis o 


{iC 


oe 
isolat 
1solat 
lished 
determined by some other method such as the Ca 
LITERATURE CITED 
Pektinen mit Hilfe von Ionenaustauscl Hyg., 
42, 91 (1951) 
Hinton, C. L. Fruit Pectins. 1940. 
‘ 1951. Interscience Publishers I New York. 
N.1 
4 LIN H \ eleration | electro.vtes Of aikaline § 
hem. S 67, 1292 (194 
> M up, E. A Met A M. Determination of acetyl in pectin and in acety- a 
lat art rate mers Chem., 29, 819 (1954 
M R. M xp M ’ E_ A. Extraction and determination of total pectic ae 
Mc Cr D N. DA \ 4 ‘ 
materials in fruits. Ana m., 24, 1986 (1982 ae 
fruit 
7 McCy R. M p Met A. Pectic constituents m ripe and unripe fruit 
5 54 
19, $30 (1954 
8 McCreapy, R. M <p Reeve. R. M. Test for pectin based on reaction of hycroxamic Zz 
Owens. H. S.. Mec ‘ M., SHEPHERD, A. LTZ, i. 4 
Swenson, H. A.. Mt C., Extanpsen, R. F., ano Mact 
rch Laboratory for extraction ar 
used at \iwestern ives ai ivesearcn La ry lot 
materials. U. S. Dept riculture. Bureau Agr. Ind. Chem., lll -34 1952 * 


EFFECT OF CERTAIN ION COMBINATIONS COMMONLY 
FOUND IN POTABLE WATER ON RATE OF FILTRATION 
THROUGH ROASTED AND GROUND COFFEE 


D. G. GARDNER 
United States Testing Company, Inc., Hoboken, New Jersey 
(Manuscript received June 2, 1957) 


In spite of the widespread popularity of coffee as a beverage, there is little 
agreement about the effect of water on its quality. In addition, there is no 
evidence to support any of the opinions advanced. The same coffee brewed in 
neighboring localities, where the composition of the water is the only variable, 
will yield beverages of highly different quality. It is logical to assume that 
variations in the coffee prepared in different parts of the country might be due 
to the relatively large differences in the composition of the water used. Table 1 
(4) shows the composition of the water supplies of several different cities in 
the United States. 

TABLE 1 (4) 


Composition of the Water Supplies of Different Cities in 
the United States' 


Boston New ‘York 
Mass N. Y. 


0.12 0.20 

Calcium 4.4 13.0 

Magnesium........ 1.0 4.5 
| 


Sodium......... 
Potassium 
Bicarbonate | 420 
Sulfate 9. 17.0 
Chloride.................. 40 


> 


2 All data in p.p.m. 


Water is important to flavor, but it is not the direct cause of flavor varia- 
tions. In other words, the ions normally found in drinking water must be 
present in exceptionally high concentrations to contribute directly to the flavor 
of the beverage (6). Therefore, the cause of perceptible differences in coffee 
brewed with water from different localities must be a function of some idirect 
effect of the ions present. One such effect might be the time of exposure of 
coffee to water. 

Prescott reports that extended brewing time produces deleterious effects on 
the final beverage (8). He attributes the resulting unacceptability to an over- 
extraction characterized by excessive bitterness and astringency. Extraction, in 
turn, is affected by time of contact of water with grounds. Combining these 
facts, we concluded that we should first concern ourselves with the time of 
brewing as a major factor. 

Only one brief report on the effects of water composition and water treat- 
ment on brewing time and acceptability has appeared in the literature (1). A 
summary of the study on which this report was based, and from which no 
experimental data were ever published, states that coffee made with distilled 
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| Lo: Angeles | New Orieans| Houston 
Ill. Calif La Texas ‘ 
0.20 0.04 0.17 
34.0 27.0 17.0 22.0 
9.7 12.0 7.1 5.8 
; 2 19 
146.0 215.0 45.0 301.0 
12.0 39.0 43.0 78 
4.5 444 28.0 48.0 
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water was considered less desirable than that made with very hard, untreated a 
water. Hard water, softened, made poorer coffee than untreated water. Treated a 
water caused an increase in pre] aration time which in turn decreased accept- 
ability. 

Although water composition undoubtedly influences beverage composition, 
flavor, and appearance, only its effect on brewing time was studied at this time. . 
Subsequent invesugations will provide knowledge relating all of the factors i‘ 


affecting the quality and acceptability of beverage cottee. 


EXPERIMENTAL 
In order to eliminate all variables not directly under study, the filtration procedure 


was standardized as follows 


1. The brewing technique s lected was the drip m¢ thod—in essence, a filtration of 
heated water through a bed of roasted and groun 1 coffee. The same piece of 
1 in all tests (Figure 5) 


equ ment Was att 
sufficient for all tests was composited 


2, A quantity of roasted and ground cofiee 
and tumble-mixed to insure homoge eneity of the in lividual samples 
3. All 1 in the preparation of specific ion solutions was first de- 


water employed 
red by 1 through an ion exchange resin Data for the purity of the 


ea vy passat 


ter is given in Table 2 


wa 


TABLE 2 
Analysis of Deionized Water 


Spectrographic Analysis of Residue 


leterminatior Concentration 


Residue, minera! 1 p.p.t trace 

Hardness (as CaCO nil faint trace 

pH 53 not found 

Carbonate (as CO:™) nil not found 

Bicarbonate (as HCO 6.1 p.p.n Chromium not found 

Iron 0.1 Manganes« faint trace 

Aluminum nil Molybdenum not found 

Silica (S102) nil Nickel faint trace 

Calcium nil Lead faint trace 

Magnesium nil Tin faint trace 

Chloride 0.3 p.p.n Titanium trace ‘ 


Sulfate 


Faint Trace less than 0.01% 


Procedure for measuring total brewing time and brewing rate. Seventy-three 
grams of coffee were placed in the lowet drip section of an 8-cup drip coffee maker 
The coffee maker was suspe! ded over a 1000 ml. graduate 4 glass funnel was attached 
to the lower drip section of the coffee maker so that the filtrate could be collected and 
measured in the graduate Figure 5) 

Eleven hundred milliliters of water were brought to boiling and then quickly 
poured onto the bed of coffee in the coffee maker. The time in seconds required to 
collect each 50 ml. of filtrate was recorded up to and including 900 ml Timing com- 
addition of the water. The time required to collect each 50 ml. of 
The time required to collect 900 ml. of filtrate is 


menced upon the 
filtrate determines the brewing rate 
referred to as the total brewing time 


— 
Chemical Analysis of 
id of 1 p.p-m. as tollows 
is analysis is rep rted on the mineral residue 
*¢ 
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RESULTS AND DISCUSSION 


The standard brewing time against which all variations could be compared 
was established with deionized water. Eight determinations of the total brewing 
time gave an average of 350 seconds; the standard deviation of measurement 
was 9 seconds, and the range was 337 to 3066. 

After a standard total brewing time had been established, solutions contain- 
ing known amounts of 16 different inorganic compounds were added and the 
effect on total brewing time observed. In the first set of experiments, the solu- 
tions each contained 400 p.p.m. of a single inorganic compound in deionized 
water. Triplicate determinations were made of the total brewing times of these 
16 solutions. The average total brewing times for each of the 16 solutions are 
given in Figure 1. It will be noted that the effect of the different ions on the 
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Figure 1. Brewing times of 400 p.p.m. of various inorganic compounds in deionized 
water. Reference line at 350 seconds is brewing time using pure deionized water. 


total brewing time is variable. In the case of lithium carbonate the time is 
nearly doubled. In some instances, the addition of ions decreased the brewing 
time slightly below the standard. Carbonates and bicarbonates as a group 
appear to have the greatest retarding effect, while all other types normally 
present in municipal water supplies appear to have little effect. Additional 
experiments (Figure 2) showed that the brewing time was greatly changed by 
increase in the concentration of bicarbonate, but not by increasing the concen- 
tration of other ions. Figure 3 illustrates the change in brewing rate when the 
concentration of the bicarbonate is varied. It should be noted that the greatest 
change in rate occurs during the first portion of the brewing cycle. 

The data obtained up to this point in the investigation suggest an interesting 
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Figure 2. Effect on total brewing time of varying concentrations of compounds in 
solution. Line at 350 seconds is brewing time using pure deionized water. 
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Figure 3. The effect of varying the sodium bicarbonate concentration on the 
brewing rate. 
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hypothesis: One commonly used water softening process replaces the calcium 
ions with sodium (3). In this form of softening there will be little or no change 
in the carbonate or bicarbonate content, but a very large increase in the concen- 
tration of sodium. 

In view of the evidence presented above, it is possible that a carbonate hard 
water softened by sodium exchange process would significantly increase the 
brewing time. In order to verify this theory, hard water was prepared by add- 
ing a calcium carbonate solution to deionized water. The calcium carbonate 
solution was prepared by dissolving calcium carbonate in dilute hydrochloric 
acid and then neutralized with ammonium hydroxide 

The solution was then saturated with carbon dioxide to increase bicarbonate 
ion concentration. This water, containing only carbonate or temporary hard- 
ness, was softened by passage through a zeolite-type water softener. The aver- 
age total brewing times, as well as analytical data on the hard and softened 
water are listed in Table 3. Softening increased brewing time from 349 to 466 
seconds. An increase in the concentration of carbonate or bicarbonate ions does 
cause an increase in the filtration time of water through coffee 


TABLE 3 
1 


Hard Water Softened Water 


6.6 7.6 

Hardness (as Caco, > { 524 p.p.m 30 p.p.m 
Sodium (as NaCl) (**) 8 p.p.m 847 p.p.m. 
Potassium (as KCl) (**) nil 0.5 p.p.m 
Carbonate (as COs™) (***) nil nil 
Bicarbonate (as HCO;—) (***)... 162 p.p.m 272 p.p.m 

Total Brewing Time Using Hard Water 349 seconds 

Total Brewing Time Using Softened W ater 466 seconds 


Legend: 
* by Betz titration (2). 
** by flame photometry. 
*** by titration with sulfuric acid to phenolphthalein and methyl orange end-points 


Another type of hard water contains calcium, magnesium and sulfate ions 
To determine whether or not non-carbonate, or permanent hardness, of this 
type aiter softening has any effect on brewing time, two solutions containing 
400 p.p.m. of calcium sulfate and magnesium sulfate were prepared. Half of 
each solution was run through the softener and the total brewing time for e a 
was measured. The data for these two experiments are given in Table 4. Very 
little difference was found between the total brewing times of the calcium and 
magnesium solutions before and after softening. This is to be expected. When 
solutions of magnesium and calcium sulfate are put through a zeolite exchanger 
the calcium and magnesium ions are exchanged for sodium ions. The effluent 
from the softener in each case will be a solution of sodium sulfate. The initial 
tests made in this study have shown that a 400 p.p.m. solution of sodium sulfate 
will have a total brewing time equal to that of deionized water and about equal 
to that of 400 p.p.m. solutions of calcium sulfate and magnesium sulfate. 

To show that the results obtained from experiments with synthetic waters 
apply to practical situations, samples of drinking water were collected from 8 
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TABLE 4(a) 
Experiment 2-400 P.P.M. CaSO, 


7.0 


Hardness (as CaCQOs;) (*) 294.0 p.p.m 7.6 p.p.m. 
Sodium (as NaCl) (**) 3.5 p.p.m. 380.0 p.p.m. 
Potassium (as KCl) (**) nil nil 
Carbonate (as COs™) (*** nil nil 
Bicarbonate (as HCO;s—) (*** 17.1 p.p.n 36.6 p.p.m 
Alkalinity (as OH—) (***) ... ni nil 
Total Brewing Time Using Hard Water 304 seconds 
Total Brewing Time Using Softened Water 332 seconds 


* by Betz titration / 


** hy A 


hthalein and methyl orange end-points 


*** by titration with sulfuric acid to phenols 


TABLE 4(b) 
Experiment 3-400 P.P.M. MgSO, 


Hard Water 


Softened Water 


5.4 7.3 
390.0 p.p.m. 13.0 p.p.m 
485.0 p.p.m. 


Hardness (as CaCOs) (*) 


Sodium (as NaCl) (**) ; nil 
Potassium (as KCl) (**) nil nil 
Carbonate (as CO;=) (***) nil nil 
Bicarbonate (as HCO,—) (***) 12.2 p.p.m. 84.8 p.p.m 
Alkalinity (as OH—) (***) Zz nil nil 
Total Brewing Time Using Hard Water 261 seconds 
323 seconds 


Total Brewing Time Using Softened Water 


* by Betz titration (2). 


** by flame photometry 
*** by titration with sulfuric acid to phenolphthalein and methyl orange end-points 


cities distributed geographically throughout the United States. These waters 
s are reported in Table 5. Four of these waters 


were analyzed and the finding 
are taken from areas in which softening is the usual practice. A portion of 
nt and reanalyzed (Table 

phically in Figure 4. 
In every case, treatment resulted in an increase in brewing time in proportion 
to the amount of carbonate hardness present in the original water 


these waters were softened with the zeolite equipme 


5). The effect of treatment on the 4+ waters is presented gra 


SUMMARY AND CONCLUSIONS 


quality, like every other food product, requires 


Coffee beverage of high 


careful preparation from high quality ingredients. Recognized as an important 
ingredient of variable composition, water does change beverage quality 
be studied care 


adversely—so frequently that its function and influence must 
iber of aspects. One of these, the effect of water con 
the subject of this report 


fully from a nun 
lation system, was 

The investigation showed that most of the ions present in many water 
supplies change the brewing time only slightly. However, the presence of 


Hard Water Softened Water 
Legend: 
MEE ame photometry 
= = 
Legend: 
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TABLE 5 
City Waters as Received 


Hardness Sodium Potassium Carbonate Bicarbonate 
(as CaCOs) (as NaCl) (as KCl) (as COs=) | (as HCOs —) 
p-p.m p.p.m p-p-m. p.p.m. p-p.m. 


nil 439 
nil 210 
nil 89 
nil 94 
nil 45 
nil 
6 
nil 


Dallas, Texas 421 299 
Los Angeles, Calif. ; 266 115 
Denver, Colo. 5 116 64 
Memphis, Tenn. 29 
Philadelphia, Pa. ‘ 27 
Woonsocket, R. I. . 7 
Providence, R. I. 
Boston, Mass. i 7 


Dallas, Texas . 18 963 nil 
Los Angeles, Calif. a 9 700 nil 
Denver, Colo. 6 350 E nil 
Philadelphia, Pa : 7 155 nil 
carbonate or bicarbonate ions increase this time significantly and in direct 
relation to their concentration. This effect is accentuated by sodium ions if 
water, containing temporary hardness and softened in a zeolite conditioner, is 
used. Water, classified as permanently hard, whether treated or not, had little 
effect on preparation time. 
ime of contact between coffee grounds and water is one of the mos 
ei f tact bet ffee gr Is and ter i f tl t 
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Figure 4. Effect of Zeolite softening process on the total brewing time of carbonate 
hard waters. Line at 350 seconds is brewing time using pure deonized water. 
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important factors affecting the quality of beverage. An extraction of the 
grounds ranging from 18 to 22% is most desirable (7). Too long a time of 
contact in relation to the equipment and grind used causes over-extraction 
ranging from 22 to 30%, and bitterness (5). Consequently, water containing a 
high concentration of bicarbonate and excessive sodium resulting from zeolite 
treatment, will favor over-extraction and unacceptability. To avoid this possi- 


Figure 5. Apparatus for measuring time and rate of brewing. 


bility other types of water treatment than those using only sodium exchange 


materials should be developed and adapted to coffee making if water analysis 


indicates conditioning is necessary. 
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THE EFFECT OF BLANCHING ON THE CARBONYL 
CONTENT OF THE CRUDE LIPID DURING 
THE STORAGE OF FR‘ ZEN PEAS* 


FRANK A. LEE 


periment Station, Cornell University Geneva, N. Y. 


(Manu 


script receive d | 


5) chemical changes 


In previous papers from the author's laboratory (3, 


taking place in the cru le lipid during the storage of vegetables have been 
reported. These studies showed that peroxides and acids develop in the lipids 


of peas and some other vegetables under these conditions. The present stud) 
is concerned with the co f carbonyl compounds in the crude lipid of peas, 
bl which had been held in frozen 


itent O 


prepared from blanched 
storage, and from the fresh vegetable. 


MATERIALS AND METHODS 


both raw and blanched trom the same lot 


Peas of the Thomas Laxton variety, 
which had been held in storage at —17.8°C. for 5% years, were used. In addition to 
these samples, fres! -hased on the market for a study of the carbor nyl 
the crude lipids extracted trom raw and blanched fresh peas. The variety of 
these peas was unknown but they appeared to be ot the Telephone type It must be 
t these peas came from a distance, and, therefore, the time wl 


peas were 


content of 


stated, however, tha 

elapsed betwee harvest and the laboratory w rk could have been c mparatively lon 

These samples were dried by lyophilization and the lipid material extracted wit! 

hyl ether, as dé scribed in previous public ations. 


anhydrous peroxide-iree 
aturated and saturated car! bonyl compoun 


The samples were analyz rut 
the method of Henick, Benca, and Mitchell (2) as modified by Ch ipault and associates 
of the Hormel! Institute, -\usti Minnesota 


RESULTS AND DISCUSSION 


1) that unsaturated c arbonvl content is not evident 


It can be seen ( Table 
‘or in the older material blanched previous to storage 
that there is a conne ction between the development 
4.5) and the formation of 


in the fresh material, 1 
is quite evident, therefore, 
in the peroxides as noted in | revious publications (3, 


carbony! compounds. It must be remembered, however, that the 
ily 


method of analysis employed measures as unsaturé ated carbonyl content on 
th the double bonds conjugated with the carbonyl group 


carbonyl compound s witht 
\ further test was made by blanching a sample of re raw stored material by 


material into boiling water, am 
After lyophilization, the lipid was 


The unsaturated carbonyl was slightly 


Pp! lunging the frozen 1 boiling for two minutes 


previous to freezing for lyophili ration. 
extracted and used for carbonyl : analyses. 
lower than that present in the corre -sponding raw material. 

Actually, the results given as zero for unsaturated carbonyl compounds 
were small negative values, except in the lipids extracted from raw and 
blanched fresh peas, in which cases larger negative values were obtz ained, but 


* Approved by the director of t 
for publication as Journal Paper No. 7081. 


he New York State Agricultural Experiment Station 
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TABLE 1 
pec Content of Crude Pea _— 
Content! 
Sample | ] 
| Saturated 
78.5 
96.6 


Lipid from raw peas’ eae 
Lipid from blanched peas*. 


Lipid from fresh market peas 109.2 


Lipid from fresh market peas, blanched { prior 


to lyophilization and extraction of crude lipid 163.2 


1 All determinations run in triplicate. Expressed as millimoles of carbonyl compounds per kilogram 


of sample. 
2 Peas were held for 5% years at -17.8°C. before extraction of crude lipid. 


it seemed reasonable to report them as zero. It is likely that the method is less 
accurate at the lower end of the scale. 

It seems quite apparent that unsaturated carbonyl compounds are formed 
in the raw material during storage at —17.8° C. for prolonged periods of time. 
The progressive development of these compounds during storage is not known 
at present. 

Saturated carbonyl compounds were higher in the crude lipid extracted 
from the blanched peas than in that extracted from the corresponding raw 
peas, fresh or stored. 


SUMMARY 


Crude lipids, prepared from frozen peas stored for 5% years, both raw 
and blanched, and from fresh peas, both raw and blanched were chemically 
examined for saturated and unsaturated carbonyl compounds. 

Peas held in storage unblanched yielded crude lipids which contained appre- 
ciable amounts of unsaturated carbonyl compounds. Unsaturated carbonyl 
compounds were not found if the crude lipids extracted from material blanched 


previous to storage. 
Crude lipids extracted from fresh market peas, raw or blanched, contained 


no unsaturated carbonyl compounds. 
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ROASTING OF FROZEN STUFFED TURKEYS. I. SURVIVAL 
OF SALMONELLA PULLORUM IN INOCULATED STUFFING 


RAYMOND E. ROGERS anv MILLARD F. GUNDERSON 


Research Department, Campbell Soup Company, Omaha, Nebraska 


(Manuscript received July 11, 1957) 


In our present-day society there has arisen a situation where not all of us 


are directly involved in the production of the articles we consume. This is 
becoming more and more true in the production and control of food supply. 
New procedures in processing, storage, transportation, and preparing foods 
have been brought about. Despite the elaborate precautions taken, the possi- 


bility of bacteriological development ma) be enhanced by mishandling of an 
otherwise excellent product. 

In order to prevent food-borne infections, it is necessary to prevent the 

trance or development of these types of bacteria in foods. Some foods may 
be contaminated during processing and preparation ; other foods, such as meat 
products, may harbor these organisms from the animal. Food handlers and 
cooks carry potentially dangerous bacteria on their hands as well as in their 
respiratory tracts. Rodents and also insects such as flies and cockroaches are 
carriers of bacteria. It is practically impossible to be certain that these bacteria 
are eliminated from food; therefore, foods should be treated in some way to 
destroy them, and then held under conditions which will prevent their recon- 
tamination and growth. 

In the studies on the possibility of the transmission of Salmonella infections 
by eating cooked food containing viable Salmonella organisms, Husseman and 
Wallace (3) found that artificially infected chickens cooked in the laboratory 
were not rendered free from these bacteria. The degree of cooking for the 
chickens was judged by timing. The total time of cooking for the broilers was 
41 minutes; for the roasters 35 minutes per pound was used. The oven regu- 
lator was set at 325° F. Thermal resistance studies by Webster and Esselen (6) 
of Salmonella enteritidis in poultry stuffing showed that the organisms survived 
5 minutes at 145° F. and 6 minutes at 140° F. when the initial concentration 
of organisms in the stuffing was 50,000 to 100,000 organisms per ml. Castellani 
et al. (1) ina study of the roasting of stuffed turkeys found that present roast- 
ing processes appear to be generally adequate for smaller birds; but for birds 
over 18 pounds, there was little if an) margin of safety in some recommenda- 


tions. After their study, Esselen et al. (2) stated that the roasting time required 


for good quality as judged by appearance, texture, and flavor exceeds the mini- 
mum time required to destroy food pois ming organisms. 

In view of the role played by poultry in Salmonella food-borne infections, 
it was the purpose of this investigation to learn something about the time and 
temperature required to render a stuffing free from Salmonella pullorum. 
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EXPERIMENTAL PROCEDURE 


Culture. The Salmonella pullorum culture employed in this investigation was ob- 
tained from the University of Nebraska Medical School culture collection. No informa- 
tion was available on this culture. The culture was carried on brain heart infusion agar 
slants and transferred bi-weekly. Forty-eight hours previous to the inoculation of the 
stuffing, the culture was transferred and incubated for 24 hours at 37° C. Twenty-four 
hours previous to the inoculation of the stuffing the culture was transferred from the 
slants to brain heart infusion broth and incubated at 37° C. This broth culture was 
used to inoculate the stuffing. A new batch of inoculum was prepared for the inocula- 
tion of the stuffing for both the medium and the large size birds. 

Inoculation and stuffing. Nine frozen unstuffed turkeys with weights ranging 
from 9.7 to 10.13 pounds, and 7 with weights ranging from 17.4 to 18.10 pounds were 
placed in watertight plastic bags, sealed, and submerged in water to thaw. The thawed 
turkeys were removed from the water, the plastic bags discarded, and the giblets re- 
moved from the body cavity. Each turkey was weighed. The turkeys were stuffed and 
the body cavities closed by means of metal skewers. The turkeys were again weighed 
and the amount of stuffing each bird contained calculated by difference. The turkeys 
were inserted into plastic bags, sealed, and immediately placed in a -40° F. to -50° F. 
wind tunnel. After completely frozen, the turkeys were stored in a storage room with 
a temperature of -9.4° F. The turkeys remained in storage from 2 to 10 days before 
testing. A determination of the number of Sa/monella pullorum organisms per gram of 
stuffing was not made immediately prior to roasting. The number of organisms was 
presumed to be the same as at the time of inoculation. 


Figure 1. Frozen stuffed turkey showing the method of insertion of ceramic 
thermocouples. 


A total bacterial count was made on duplic x. samples of frozen, uninocu 
| , broken up, and mixed 


lated commercial stuffing. The stuffing was placed in ¢ 
by hand with a 24-hour brain heart infusion culture of Sa/monella pullorum. The inocu- 
lum was dispensed at the approximate concentration of 15 ml. of culture for each 50 
g. of stuffing inoculated. Duplicate samples of the inoculated stuffing were tested to 
determine the number of Salmonella pullorum organisms per gram of stuffing. 


Roasting procedure. Work done previously by Castellani et al. (1) indicated that 
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ROASTING OF FROZEN STUFFED TURKEYS. z. 


RESULTS AND DISCUSSION 


The relationship of time and temperature required to kill Salmonella pul- 
lorum during the roasting of medium-size frozen stuffed turkeys is shown in 
Table 1. It can be seen that with the stuffing possessing an initial count of 
115,000,000 organisms per gram, a minimum temperature of 160° F. must be 
reached in the center of the stuffing to assure adequate destruction of the organ- 
isms. It required a period of 4 hours and 55 minutes to reach this lethal stuffing 
temperature when the initial temperature of the stuffing was 0° F. 

The relation of time and temperature to the destruction of Salmonella pul- 
lorum during the roasting of large frozen stuffed turkeys is shown in Table 2. 
A minimum temperature of 155° F. as shown must be reached in the center of 
the stuffing with the initial count of the stuffing being 323,000,000 organisms 
per gram. A roasting period of 6 hours and 30 minutes was required for the 
complete destruction of the bacteria. 

Castellani ct al. (1) noted that a temperature of 165° F. reached in the 
center of the stuffing during the roasting period appeared sufficient to kill Sal- 
monella organisms and allow a modest margin of safety. In no instance in their 
tests did the initial count of the inoculated stuffing exceed 5,000,000 organisms 
per gram, and a temperature at the center of the stuffing of 152° F. was suffi- 
cient to destroy the Salmonella organisms present in the stuffing. However, 
when a sample was removed from the center of the stuffing after a temperature 
of 140° F. had been attained, it was found that more than 50,000 Salmonella 
organisms survived per gram. Esselen et al. (2) found that larger birds | 12 to 
15 pounds) have a slower rate of heat penetration and require a longer cooking 
time. They recommend that a center temperature of 155° F. be attained before 
removing the bird from the oven. For birds less than 12 pounds which heat 
more rapidly, a center temperature of 165° F. should be reached. Their recom- 
mendations for cooking frozen birds required no special precautions other than 
to roast to what is considered to be a palatable and attractive degree of doneness 
and a center temperature as indicated for the different weight classes The work 
of Tischer and Hurwicz (7) indicates that a more drastic heat treatment 1s 
required to destroy a large number of cells than a few. The results of Table 1 
show that when the initial stuffing count was 115,000,000 organisms per gram, 


a temperature of 160° F. was required to destroy all the Salmonella putiorum 
These observations are important in food preservation, for this is the basis for 
efforts to keep the number of bacteria in foods low 

It may also be seen from the results of Tables 1 and 2 that the initial 
temperature of the stuffing and the size bird (shown graphically in Figure 3) 
influenced the time required to reach the test temperatures. In Table 1 it 
required only 4 hours to reach a temperature of 150° F. in turkey Number 9, 
when the initial temperature of the stuffing was 4 F., and it required 4 hours 
and 15 minutes to reach a temperature of only 125° F. when the initial tempera- 
ture was 0° F. The weight of both turkeys was approximately the same. In the 
roasting of turkey Number 5, it required only 4 hours and 28 minutes to reach 
a temperature of 155° F. when the initial temperature was 4° F. In Table 2 it 
required 6 hours and 15 minutes to reach 160° F. when the initial temperature 
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k 6 hours and 20 minutes to reach a tem- 


of the stuffing was 30° F.; yet, it too 
perature of 150° F. when the initial stuffing tempe 

It would seem evident that the roasting process of a turkey should not be 
results of Table 1, Salmonella pullorum organisms 
survived a temperature of 155 F. when the stuffing has a bacterial count of 33 
The practice of partially roasting a turkey would place 
lled the “incubation danger zone.” He found that 


rature was 0° I 


interrupted. As shown in the 


organisms per gram. 
the bird in what Jensen (4) ca 


food remaining between the temperatures of 50° F. and 118.4° F. fora period : 
of from 4 to 8 hours was potentially dangerous. To hold a partially roasted . 


turkey to complete the roasting later would place the bird in this zone at least 
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Figure 3. Survival of Salmonella pullorum in the stuffing during roasting of 


medium and large frozen turkeys. 


three times: (a) during the initial ré asting; (b) during the initial cooling, and 
(c) during the second roasting 
From an initial stuffing count of 323,000,000 organisms per esram in the 


large turkeys, at 100 F. the bacterial count had decreased to 17,000,000 organ- 
isms per gram. This temperature range is not believed to be Ie thal, as ht be 
indicated. A bacterial count was! ot le on the stuffing nediately | r to 
the roasting of the turkevs. This decrease in count from the initial stuffing 
count might possibly be due to the fact that a decrease in the number of organ- 
isms occurred in process of freezing and storage alt tl tial inoculated 


heen made. Hlowever, when a bacterial count was mack ata 


stuffing count had bee 
46,000,000 was obtaine d. Although it is 


0° F., an increase of 
for bacterial increase to occur in a roasting process, the 
indication here is questionable. This might merely be a superficial increase 

ling techniques. 


1 
temperature of 13 


believed quite possible 
attributed to slight variations in mixing pr cedure or samy 
‘resent time for roasting procedures to designate 


It is quite prevalent at the | 
h or breast temperature to be attained. 


hours cooking time or to stipulate a thig 


, 
10 
( 
~ 


94 


RAYMOND E. ROGERS AND WILLIAM F. GU NDERSON 


In previous work done by Rogers and Johnson (5) a study of the heating 
characteristics of a frozen stuffed turkey was made. It was found that when 
the turkeys were considered done by recommended hours cooking time, the 
thigh muscles showed variations in temperatures ranging from 180° F. to 
215° F. This is a variation of 35° F. The temperature at the center of the 
stuffing ranged from 169° F. to 185° F. This is a variation of 16° F. The 
lowest stuffing temperature was within 4 degrees of the lethal stuffing tempera- 
ture of 165° F. It may be seen that a few minutes roasting time could mean 
the destruction or survival of food infection organisms. It is believed that an 
accurate measurement of the temperature at the center of the stuffing, in con- 
junction with a pleasing degree of doneness, is a much safer criterion than the 
above recommendations alone indicating roasting time or temperatures of parts 
of the turkey other than that at the center of the stuffing. 


SUMMARY 


The survival of Salmonella pullorum in the stuffing during the roasting of 
frozen stuffed turkeys has been i vestigated. 


A temperature of 160° F. must be reached in the center of the stuffing to 


assure adequate destruction of Salmonella pullorum. lo allow a modest margin 
of safety, a minimum temperature of 165° F. is believed to be desirable. 


The roasting process of a turkey should not be interrupted until the lethal 
temperature of 165° F. is reached in the center of the stuffing. To partially 
roast a turkey and hold to complete the roasting later is not advised. 


The initial temperature and the size of the turkey influence considerably 
the time required to reach a lethal temperature in the stuffing. The lower the 
initial temperature of the turkey, the longer the roasting period required. 

Present recommended roasting procedures designating hours cooking time 
or which stipulate a thigh or breast temperature to be attair 
appear to be adequate bacteriologically. An accurate measurement of the tem- 
perature at the center of the stuffing, in conjunction with ana 


1ed alone does not 


tractive doneness, 


t 
is believed to be a much safer criterion than the above procedures. 
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It is practically impossible to be certain that all undesirable bacteria are 
eliminated from food. Food handlers and cox ‘ks can contaminate food material 
due to the presence of organisms on their hands as well as in their respiratory 
tracts. Horwood et al. (4) found that in 30 hand washing samples obtained 
from food handlers, micrococci were absent in only one sample. The organisms 
exist in their air, on kitchen utensils, and dinner ware. Processing and prepa- 


ration of some foods may serve as a means of contamination. 1 herefore, food 


should be treated in some way to destroy them, as by heating, and then held at 
temperatures which will prevent their growth and development. 

Micrococcus pyogenes var. aureus cannot be commonly classed as a heat- 
resistant organism because it 1s not a spore former. In comparison with other 
nonspore-forming bacteria, however, it is more resistant than many of them. 
Dack et al. (2) reported that a strain isolated from sponge cakes, which had 
been incriminated in food poisoning, was killed at 176° F. in 15 minutes 
2,500,000 micrococc! 


McBurney (7) also made such observations. As many as 
per ml. were completely destroyed by the co king process, which was carried 
out in a bakery at 185° F. for 10 minutes. 

Saslow, Scherago, and Weaver (%) isolated a strain from oysters which 
showed a resistance of 10 minutes at 194° F. One strain of Micrococcus pyo- 
genes var. aureus studied by Hassemann and Tanner 5) survived 30 minutes 
at 131° F. and was destroyed in less than 3 minutes at 185° F. Thermal resist- 
ance studies by Webster and Esselen (12) of Micrococcus pyogenes vat. aureus 
in poultry stuffing showed that the organisms survived 8 minutes at 140° F. 


when the initial concentration of organisms in the stuffing was 50,000 to’ 10 ),000 


organisms per ml. 
It was the purpose of this investigation to determine the temperature treat- 


ment required to render a stuffing free from Micrococcus pyogenes var. aureus 


EXPERIMENTAL PROCEDURE 


Culture. The University of Nebraska Medical School pri vided the culture ot 
Micrococcus pyogenes var. aureus used in this study. No previous history of this culture 
was accessible. Brain heart infusion agar slants served to carry the culture which was 
transferred bi-weekly. The culture was transferred and incubated for 24 hours at 
37° C. 48 hours previous to the inoculation of the stuffing. Twenty-four hours prior 
to the inoculation of the stuffing a transier was made from the slants to brain heart 
infusion broth and incubated at 37° C. This broth culture was used to inoculate the 
stuffing. For both the medium and the large size birds a new b itch of inoculum was 
prepared for the inoculation of the stuffing employ ed 

Inoculation and stuffing. Six frozen unstuffed turkeys with weights ranging from 
10.1 to 10.6 pounds, and six with weights ranging from 17.15 to 20.2 pounds were placed 
in watertight plastic bags, sealed, and submerged in water to thaw. The turkeys were 
removed from the water after thawing, the plastic bags discarded, and the giblets 
removed from the body cavity. The weight of each turkey was determined. The body 


cavities were closed by means ol metal skewers after stuffing. The birds were again 
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1g each contained calculated by difference After 
turkeys were immediate ly placed in a -40° F. 
to -50° F. wind tunnel. The turkeys were rem ved when completely frozen and stored 
in a freezer with a temperature of -9.4° F. The turkeys remaine d in storage from 2 to 
10 days before testing. The number of Micrococcus pyogenes var. aureus was not de- 
termined immediately prior to r vasting. Straka and Combes (10) studied the survival 
of Micrococcus pyogenes var. aureus in creamed chicken under various storage condi- 
tions. Inoculated containers of creamed chicken were placed in a -30° F. freezer 
diately after the cans were sealed. Containers when sampled were defrosted im 
mediately in warm water. The count did not vary a creat deal during storage of 1 year 
stion the number of orgamts be the same as at the 


weighed and the quantity of stuffir 


insertion into plastic bags and sealed the 


ms was presumed to 


te 11 g. samples ot froze uninoculated commercial 
placed in a large pat 
culture of Micr 

ximate concentrati 


nd mixed 


ar. aureus 


wr 


appre 


determine the number « 


eac 


aureus organisms per gram oO! stuffing duplicate 11 g. samples of the! 
were tested. 
tic bag discarded and the turkey was placed 


Roasting procedure. | he plastic bag 
no pan as each was prepared for testing An electric drill was employ} 
nstantan ther 


on a metal roasting pan 


so that when the copper c 


to drill holes into the turkey at an angle 
couples were insert 1 the pips W vuld 1} n the approximate geon tric center of the 
stuffing. From prelim studies done by Rogers and Johnson on the heating 


acteristics Of If en sturned 


during the roasting of the et nut 
temperature for testing and analyzing eacl turkey was removed trom the ove 
Bacteriological methods. J otal bacte! ial counts weré ie by plating on trypton¢ 
glucose extract agaf Duplicate 11 ¢ samples of frozen ul cul stuffing were 
macerated by a Waring blendor in 99 mi. of sterile distilled water. P s were incubated 
at 37° C. for 24 hours 
} } to detern et t , us 


p enes var. aureus organisms } t l, unt and 
stufang. Mannitol salt agar was ust das the plating medium Mates were incul 


24 hours at 37° C 


RESULTS AND DISCUSSION 


The results o1 lable 1 show the relationship of time a! d tempet ré 


required to kill Micrococcus pyogenes var. aureus during the roasting of 

medium-size frozen stt uffed turkeys. With the stuffing possessing an 

count of 67,000,000 organisms pet gram, a minimum temperature of 165° F 

must be reached in the center of the stuffing of the medium-size turke 

adequate destruction of the organisms. Ninety-seven th 

gram still survived when the stuffing temper iture was 160° F. It re yuired a 
temperature when 


initial 


s to assure 


thousand micrococci per 


roasting period of 4+ hours at nd 50 minutes to reach a le thal 


-e of the stuffing was 0° F. 
Micrococcus pyogenes var. aureus 


the initial temperatur 
The time and temperature required to kill 
frozen stuffed turkeys is how n in the results of 


during the roasting of large 


: 
ons 
time of inocu 
On dupii n up, 
bacterial count ences . 
tO 
by hand witha mi. of culture tor ; 
Ti is ones Var 
aa 
1 we in the <« ter a 
ng the turkey in the ov 
ng was made previous to placing with the 
the least rapsary. New the thermocouples to equillorate 
1 of 5 minutes to allow 
waiting for a pe! 
nneratuf in the approximatt 
stulnne temp ed in the oven, were thi the a 
+} rmo ples, previously = hy ttom ol 
é che turkey the other clos¢ tne ¢ 
‘ ven one close to the tof calibrated 
center ot A’ art rup potenti meter with a 
the turkey (>e¢ Figure | +} temperature of the oven a 
scale was us¢ »a 4 e Ficure 2, &a Wuring 
temperature it the roasting process Figu nd 7 
of the stufhng Detore ane sm» reading was made every minutcs 
4 
ated for 
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Table 2. A minimum temperature of 160° F. must be reached in the center of 
the stuffing of the large turkeys for the complete destruction of the organisms. 
With the initial sample of stuffing possessing 149,000,000 organisms per gram, 
at a temperature of 155° F., 1,000 organisms per gram still survived. A roast- 
ing period of 7 hours and 15 minutes was required to reach a lethal temperature 
of 160° F. in the center of the stuffing when the initial temperature was 0° F. 

Because of the slower rate of heat penetration of the larger birds (12 to 15 
pounds) Esselen et al. (3) found that they required a longer cooking time. 
Before removing the bird from the oven they recommended that a center 
temperature of 155° F. be attained. For cooking frozen birds their recommen- 
dations required no special precautions other than to roast to what is considered 
to be a palatable and attractive degree of doneness and a center temperature as 
indicated for the different weight classes. A temperature of 165° F. reached at 
the center of the stuffing during the roasting period, Castellani et al. (7) found, 
appeared sufficient to kill Micrococcus pyogenes var. aureus and allow a modest 
margin of safety. In no instance did the stuffing of the turkeys yield initial 
counts exceedng 5,000,000 organisms per gram. In one experiment the inocu- 
lated stuffing possessed a total bacterial count of 4,019,000 organisms per gram, 
of which 2,513,000 were micrococci. When a sample was removed from the 
center of the stuffing after a temperature of 125° F. had been attained, it was 
found that Micrococcus pyogenes var. aureus still survived. In another experi- 
ment the inoculated stuffing possessed a total bacterial count of 1,530,000 
organisms per gram, of which 830,000 were Micrococcus pyogenes var. aureus. 
A temperature of 154° F. at the center of the stuffing was sufficient to destroy 
the micrococci. A more drastic heat treatment is required to destroy a large 
number of cells than a few (11). This is shown in the results of Table 1 and 2 
when a temperature of 160° F. and 165° F. respectively was necessary to 
destroy all the micrococci in stuffing which yielded initial counts of 149,000,000 
and 67,000,000 organisms per gram. These observations are important in food 
preservation, for this is the basis for efforts to keep the number of bacteria in 
food low. 

The roasting process of a turkey should not be interrupted. As shown in 
the results of Table 1, Micrococcus pyogenes var. aureus survived a tempera- 
ture of 160° F. when the stuffing had a bacterial count of 97,000 organisms 
per gram. In Table 2 Micrococcus pyogenes var. aureus survived a temperature 
of 155° F. when the stuffing had a bacterial count of 1,000 organisms per gram. 
Jensen (6) found that food remaining between the temperatures of 50° F. and 
118.4° F. for a period of from 4 to 8 hours was potentially dangerous. Par- 
tially roasting a turkey would place the bird in this danger zone not once, but 
3 times: (a) during the initial roasting ; (b) during the initial cooling ; and (c) 
during the second roasting. 

Figure 1 shows graphically the changes in the bacterial population of 
Micrococcus pyogenes var. aureus in the stuffing during the roasting of medium 
and large frozen turkeys. From an initial stuffing count of 67,000,000 organ- 
isms per gram in the medium size turkeys at a roasting temperature of 100° F. 
the bacterial count had increased to 84,000,000 organisms per gram. When a 
bacterial count was made at a temperature of 135° F. an increase to 90,000,000 
organisms per gram was obtained. Although it is believed quite possible for 
bacterial multiplication to occur in stuffing during the roasting process, the 
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Figure 1. Survival of micrococcus pyogenes var. aureus in the stuffing during 
the roasting of medium and large size frozen stuffed turkeys. 


indication here is questionable. This increase might merely be superficial, 
attributed to slight variations in mixing procedure or sampling technique. 
From an initial stuffing count of 149,000,000 organisms per gram in the roast- 
ing of the large turkeys, at a roasting temperature of 100° F. the bacterial 
count had decreased to 121,000,000 organisms per gram. This temperature 


range is not believed to be lethal as it would seem indicated. This decrease 


might possibly be due to the fact that a bacterial count was not made on the 
stuffing immediately prior to the roasting of the turkeys. A decrease in the 
number of micrococci might have occurred in the process of freezing and 
storage after the initial inoculated stuffing count had been made. Again, as 


mentioned above, this also might be attributed to mixing procedures or sampling 
technique. 


Roasting procedures, at the present time, desig I 


nating hours cooking time 


or stipulating a th ast temperature to be attained is prevalent. A study 


of the heating characteristics of a frozen stuffed turkey was previously made 
by Rogers and [ohnson (4). \When the turkevs were considered done by rec- 


was found that the thigh muscles showed 
rom 180° F. to 215° F. This is a variation 


ommended hours of cooking time, 1 
variations in temperatures ranging 
of 35° F. The temperature at the center of the stuffing ranged from 169° F. to 
185° F. This is a variation of 16° F. The lowest stuffing temperature was 
within 4 degrees of the lethal stuffing temperature of 165° F. Depending on 
the initial temperature and size of the turkey, a few minutes roasting time 
could mean a considerable variation in the roasting temperature attained. This 
could mean the destruction or survival of food poisoning organisms. It is 
believed that an accurate measurement of the temperature at the center of the 
stuffing, along with the attainment of an attractive doneness, would be a much 
safer criterion than the above recommendations alone indicating roasting time 
or temperatures of parts of the turkey to be attained other than that at the 
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center of the stuffing. Thus, the bacteriological safety of the product to be 
consumed would be assured. 
SUMMARY 

The survival of Micrococcus pyogenes var. aureus in the stuffing of frozen 
turkeys has been investigated wtih the following observations: 

A minimum temperature of 165° F. must be reached in the center of the 
stuffing during the roasting period to assure adequate destruction of Micro- 
coccus pyogenes var. aureus. This, however, allows little margin of safety 

Mi ; pyogenes var. aureus survived a temperature of 160° F. 


1CVOCOCCUS 


the center of the stuffing. Therefore, the roasting process should not be inte 


rupted until a lethal temperature of 165° F. has been reached in the center of 


the stuffing. 

Roasting procedures designating hours cooking time or stipulating a thigh 
or breast temperature to be attained alone, again as in the preceding experiment, 
does not appear to be reliably safe bacteriologically. A sound procedure such as 
the determination of the temperature at the center of the stuffing, complimented 
by the attainment of a pleasing appearance of doneness, would be a much safer 


criterion than other recommended roasting procedures. 
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,roduction of poultry products having stable and optimum 


Progress toward | 
sight into the fundamen- 


flavor depends considerably on obtaining increased in 
tal causes of flavor and off flavor of the products. To provide part of this basic 
position of the volatile fraction of cooked chicken 
A previous paper ( 12) reported prop- 
The investigation reported 


information, studies on com 
have been in progress at this laboratory. 
erties of volatile sulfur and mitrogen compounds. 

here describes a method of isolating volatile carbonyl com] ounds from cooked 
2,4-dinitrophenylhydrazone derivatives, and the subsequent 
chromatographic separation of the mixed hydrazones into fractiot 


chicken, as the 


enabled identihcation ot many ol the carbony! compou 1dSs. 


EXPERIMENTAL 


Isolation of volatile carbonyl compounds from cooked chicken. Throughout the 


study, 2,4-dinitropheny Ihydrazine (2 g. per liter of 2. VN HCl) reagent was used to detect 
presence of carb nyl compounds. Three sets of conditions for isolating v latile carbonyl 
compounds were Co! sidered. These comprised recovery Of volatn from 
chicken cooked under (a) n ‘rmal cooking conditions, (b oxidatio condi- 
tions, and (c) oxidation-lav 1¢ conditions. For condition (a e sim- 
mered in water for 3 hours and te of the resulting broth was tested for presence 
of carbonyl compounds For conditions and (c), a stream of nitrogen and air, 
respectively, were passé d through each system during cooking, not only to provide an 
inert and oxidative atmosprere, but also to entrain and sweep v« latile components into 
A volatile carbonyl fraction was detected for all 3 isolation 

hr tography ot the irazones on silicic acid-Celite columns, 

xed below, showed that iless of the isolation met! od a complex mixture 


heained. Of the 3 methods, the one favoring oxidation gave the 


-drazones was obtained is, 

eld of car! vl while the one utilizing a nitrogen atmosphere gave the lowest 

yield. In some respects m¢ thod (a), based ona normal cooking procedure and utilizing 
chicken broth distillate, v h has been shown (1/2) to contain detectable flavor, would 


be a logical starting point for this investigation. However it was decided to study the 
qualitative nature of the carbonyl traction isolated by both methods (a) and (c). Such 
a comparison would show whe as well as a quantitative difference 


ther a qualitative 
d and might provide some clues about the natur 


exists in the carbonyl tra tion isol: 
1 compounds which are ass ciated with both normal and oxidative off 
is isolated by the atypical 


e this method provided 


of carbony 
flavors. It was 
oxidation-favoring cooking conditi 


decided to work first on carb: nyl compoun 
ns described below, becaus 
a yield of carbonyl! compounds sufficient to make identification of minor constituents 
seem feasible 

The apparatus used for isolation of carbonyl compounds as 2,4-digitrophenylhy- 


drazones is shown in Figure :. 
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Figure 1. Apparatus used to isolate volatile carbonyl compounds from chicken. 


A.—400 ml. of a saturated solution of 2,4-dinitrophenylhydrazine in 2N sulfuric 


acid. 
B.—Trap containing glass wool. 
C.—22 liter flask. 
D.—Chicken and water heated to slow boil. 
E. and F.—400 ml. of 2,4-dinitrophenylhydrazine solution (2g/liter in 2N HCl). 


Three ready-to-cook chicken carcasses were used for each run. Each carcass was 
separated into 8 parts. Gross deposits of visceral fat were removed. However, a gen- 
erous amount of fat remained in the form of subcutaneous and intra-muscular deposits. 
The weighed chicken parts and an equal weight of distilled water were placed in flask 
C. After closure of the flask, air was drawn through the system by applying enough 
vacuum at trap F to cause approximately 2 bubbles per second in traps E and F. Then, 
with water circulating through the condenser, sufficient heat was applied to the flask 
containing chicken to maintain gentle refluxing throughout the run. The duration of a 
run was calculated from start of refluxing to the time when heating was stopped. Each 
run extended over a period of approximately 20 hours. At the end of a run, hydrazones 
in traps E and F were filtered off, washed with water and dried in vacuo at 60° C. From 
7 such runs, 7. 8 g. of 2, 4-dinitrophenylhydrazones were collected from a total of 31.4 


kg. of chicken. 

Separation of hydrazones into mono and polycarbony] fractions. Before attempt- 
ing separation of the mixed hydrazones obtained from the cooked chicken, it was found 
convenient and desirable to fractionate it first into mono- and polycarbonyl compo- 
nents. To accomplish this, advantage was taken of the extreme insolubility of the 2,4- 
dinitrophenylhydrazone derivatives of polycarbonyl compounds (8). The latter are only 
slightly soluble in hot alcohol or chloroform while the monocarbony! derivatives are 
quite soluble in these solvents. Accordingly the hydrazones were treated on a filter 
with generous amounts of hot alcohol and chloroform. The portion appearing in the 
filtrate was recovered by evaporating the solvent on a steam bath in a stream of nitro- 
gen. It constituted the major portion of the hydrazone fraction, gave a red color in 
alcoholic KOH characteristic of mono-2,4-dinitrophenylhydrazone derivatives (11), 
and was designated the mono-2,4-dinitrophenylhydrazone fraction. The insoluble deriv- 
atives remaining on the filter gave a violet color in alcoholic KOH characteristic of 
bis-2,4-dinitrophenylhydrazone derivatives of compounds having adjacent dicarbonyl 
groups (11). It was designated the poly carbony! fraction. Fractionation of 6.3 g. of 
hydrazone, isolated from chicken as described above, gave 5.8 g. of the monocarbonyl 
fraction and 0.5 g. of the polycarbony] fraction. 
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Isolation of diacetyl 2,4-dinitrophenylhydrazone. The polycarbonyl 2,4-dinitro- 
phenylhydrazone fraction was taken up in boiling nitrobenzene, filtered and set aside 
at room temperature. After several days, crystals which had separated were filtered 
off, washed generously with alcohol and dried in vacuo at 100° C. for 16 hours. Com- 
parison of the melting point, optical properties and X-ray diffraction pattern of these 
crystals with those of authentic diacetyl bis-2,4-dinitrophenylhydrazone showed that 
they were indentical. Results of ultimate analysis (Table 2) confirm this conclusion. 
Chromatography of the monocarbonyl 2,4-dinitrophenylhydrazone fraction. 
Chromatography was carried out in glass columns (35 mm. outside diameter). The 
adsorbent (silicic acid-Celite, 2 to 1 weight ratio), developing solvents and general 
procedure used were those of Gordon, Wopat, Burnham and Jones (6). The petroleum 
ether, b.p. 30-60° C., was purified by treating it successively with conc. sulfuric acid, 
water, 3NV KOH, and water. It was then dried over anhydrous calcium sulfate, and 
distilled. The fraction boiling from 40 to 50° C. was used. Ether and chloroform were 
also redistilled. A preliminary separation of 5.8 g. of the monocarbonyl-2,4-dinitrophenyl- 
hydrazone fraction was accomplished by chromatographing it in 100 to 200 mg. lots on 
33 columns (each packed to a 9-inch height). This gave 8 preliminary fractions with 
the weights shown in Fig. 2. Similar fractions were combined and rechromatographed 
mostly through adsorbent packed to a 9-inch height but occasionally through 18 and 30 
inch heights after it was discovered that additional length permitted better separation 
in some instances. The first repass sometimes provided fractions of sufficient purity to 


permit identification after crystallization from ethanol. For more difficult cases crystal- 
lization and chromatography were repeated until the procedure no longer improved 
the purity of the fraction. In many instances, even though complete separation was not 
evident, it was possible to obtain a portion of the components in a pure state by taking 
many small fractions of a broad band as it eluted from the column. After collecting a 
fraction it was evaporated to dryness on a steam bath with the aid of a nitrogen stream 
The residue was transferred with chloroform to a weighed flask. After evaporation of 
solvent, the weight of the residue was recorded. Following this, the fraction was crys- 
tallized from ethanol and, if sufficiently pure, characterized. Yield of a particular hydra- 

yn as obtained from the column and from 


zone was based on the weight of the fractx 
which the pure crystalline hydrazone was subsequently obtained 

Paper chromatography of 2,4-dinitrophenylhydrazones. Paper chromatography, 
as an aid to identification of 2,4-dinitrophenylhydrazone derivatives isolated from 
chicken, was carried out as described by Lynn, Steele, and Staple (7). Whatman No. 1 
filter paper was use 

Melting point determinations. Melting points were determined with the sample 
between cover glasses on a commercially available electrically heated stage which had 
been calibrated with a set of test reagents. Hence melting points reported here may be 
considered corrected. A microscope was mounted above the stage to provide good 
visibility. 

Preparation of authentic 2,4-dinitrophenylhydrazone derivatives. The carbonyl 
compound was added to a solution of 2,4-dinitrophenylhydrazine (2 g./liter in 2 N 
HCL). A 10% excess of 2,4-dinitrophenylhydrazine reagent was used. If the carbonyl 
compound was immiscible with the 2,4-dinitrophenylhydrazine solution, the mixture 
was agitated and warmed on a steam bath. The hydrazone was filtered off and washed with 
water. Fy 
ethanol, chromatography on silicic acid-Celite columns to remove impurities, and crys- 


r monocarbony! derivatives this preparation was followed by recrystallization from 
tallization of the purified product from ethanol. In several instances this method of 
purification resulted in derivatives melting considerably higher than values reported in 
the literature. Polycarbonyl 2,4-dinitrophenylhydrazone derivatives were purified by 
extracting crude preparation with hot ethanol (to remove any soluble monocarbonyl 
derivative) followed by several recrystallizations from nitrobenzene. After the final 
crystallization crystals were washed with alcohol and dried overnight in vacuo at 100° C. 
to remove traces of nitrobenzene. The n-aliphatic-2-en-l-als which were not com- 
mercially or otherwise available, were synthesized as described by Martin, Schepartz, 
and Daubert (9). The six and seven carbon n-aliphatic-2,4-dien-l-als which were avail- 


able for this study were prepared according to the following scheme: 
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RCH = CHCHO acid 


pyridine 


LiAlH 
R(CH = CH).CO,H R(CH = CH).CH.OH 


I] ether II] 
Chromic acid 
R(CH =CH).CHO 
IV 


Condensation of the 2-enals, I, with malonic acid in pyridine gave about 30% yields 
of the 2,4-dienoic acids, II. The latter were reduced to the corresponding alcohols, III, 
in yields of the order of 60%. However, attempts to convert the dienols. III. to the 
aldehydes, IV, by low temperature chromic acid oxidation (3), gave verv low yields 
(0 to 2%) of the desired aldehyde, which was mixed with other carbonyl compounds 
arising from cleavage of the carbon chain, and hence difficult to purify. le 
aldehydes, IV, were converted to the 2.4-dinitro azot he 

purified by chromatography on silicic acid-Celite columns. Because 


purification difficulties, it was decided that preparation of further members of the series 


hetic procedure. Two crystalline forms of the 


should await improvements in the synt 
2,4-dinitrophenylhydrazone of n-hepta-24-dien-l-al were 


appeare d brown 1 


160.5 to 162.5° C., consisted of plates which ay 
deep red under strong transmitted light. The other form, m 
sisted of purple-red needles. Other authentic carbony] « 
tained from commerical si 


Source and processing of chickens. Fow! used in this study were purchased in 
either a packaged, frozen, cut-up, ready-to-cook form or in the live state from con 
mercial sources. The latter were | ( k point 1 
in polyethylene at this laboratory. Fowl were held at -10° F. until used. 


yrocessed to the ready-to-cook point ar 


Microscopy. All fractions were examined microscopically. Observations of optical 
and crystallographic properties were made with a polarizing micros pe. The isolated, 
purified 2,4-dinitrophenylhydrazone fractions were compared with authentic 2,4-dinitro- 
phenylhydrazones by melting a portion of the unknown under a cover g! I I 
way that not all of the space was filled by the sample. After freezir 
space was filled with the melt of an authentic 2,4-dinitrophenylhydrazone spect 
to be the same as the unknown. After the latter had frozen, the pair was remelted across 
the zone of contact by holding a hot cautery needle close to the cover glass. This per- 
mitted observation of melting point differences, melting point depression, eutectic 
formation, solid solution formation, phase transformation, crystallization habit, subli- 
mation, rates of crystallization, and color differences. Crystals grown from the melt 
could be tested for dichroism, extinction angle, optic orientation and dispersion of inter- 
ference figures, and, if necessary, refractive indices. Since this method permits un- 
equivocal identification and requires only micro amounts of material, it proved to be 
the most satisfactory method available for confirming the identity of several of the 
smaller fractions. It is well known that many of the 2,4-dinitrophenylhydrazones exist 
in various polymorphic forms which may exhibit different melting points (2). These 
forms lead to confusion unless they are recognized. The type of microscopic examina- 
tion mentioned above proved very helpful as a means of recognizing various poly- 
morphic forms, and often transformation from one form to another could be observed 
during the microscopic examination. 


Absorption spectra. Ultraviolet spectra of chloroform solutions of the 2,4-dinitro- 
phenylhydrazones were obtained with a Model 14 Cary recording spectrophotometer. 
Infrared spectra of samples in the form of potassium bromide disks were obtained 
from 2 to 15 « with a Model IR-3 Beckman spectrophotometer using sodium chloride 
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prisms.” A standardized procedure for the preparation of samples was employed in 
Jhenylhydrazone was dissolved in a few drops of chloroform, 
| mortar with potassium bromide powder, the mixture evacuated 
and pressed m va Although this procedure was designed to yield spectra which are 
independent of the particular polymorphic forms of the original samples, examples 


which the 2,4-dinitro 
hand-ground in a sma 


have been encountered ‘ch indicate that this procedure cannot always be relied upon 


for this purpose 


RESULTS 


as described in the experime ital section, 


1} g. ot 
tionation of this hydrazone precipitate into 


itate was obtained from 31.4 k 


vil il 


yn schematically 


Purified fractions 


itional 


chromat 


nO 


Figure 2. Fractionation scheme used for separating 2,4-dinitrophenylhydrazones 
of carbonyl compounds isolated from cooked chicken. 


Treatment of the hydrazone precipitate with solvents proved an effective 
way of separating the bulk of the mono- from the poly carbonyl derivatives 
and offered a convenient method for isolating the pure derivative of diacetyl. 
Inspection of the data in Table 1 and 2 shows that diacetyl-bis-2,4-dinitro- 
phenylhydrazone was obtained by direct crystallization from a nitrobenzene 
solution of the pt lycarbonyl derivatives. Hence it seems reasonable to assume 
that most of the polycarbony! 2,4 dinitrophenylhydrazone fraction consisted of 
the diacetyl derivative. On this basis, this diketone ranks second in abundance 
among the carbonyl compounds isolated. However during chromatography of 
the monocarbony! derivatives there was some evidence of the presence of other 
polycarbony! derivatives. This ev idence was in the form of several small bands 


>’ Mention of a commercial name does not mean that it is recommended by the 
Department of Agriculture over similar products not mentioned. 


. 
: 
7 R 
/.0 2. OF iit) razon 
} } y eal method of trac a 
chicKxen. he genera: I ita 
-al purified hydrazones is sho in Fig. 2. < 
the several purihed hydrazon 
re 
-Dinitropheny lhydrazone | 
2,u-Dinitr 
raction, ge 
Extract with ethanol and chloroform 
Lut polycarbonyl cerivatives/ 
Take up in hot nmitro= 
benzene, COOie 
| 
| 
i 
~ - rystalline diacety, 
lar fractions ri ine 
Preliminary fractiomw 
oe Bie, Ee 
:) —3 
ell 3 
| 
| 
Del ae 
| 
2] 
(37 
| 
= 


— 


108 E. L. PIPPEN, M. NONAKA, F. T. JONES, AND FRED STITT 


running after acetaldehyde-2,4-dinitrophenylhydrazone on the column and 
which, when treated with alkali in ethanol, gave a blue-violet color character- 
istic of bis-2,4-dinitrophenylhydrazones of compounds having carbonyl groups 
on adjacent carbon atoms (11). Doubtless these bands can be attributed to 
solubilization of a small amount of polycarbonyl 2,4-dinitrophenylhydrazone 
during the chloroform-alcohol fractionation step thus resulting in their appear- 
ance on the column with the monocarbony] derivatives. The amount of material 
these bands represented was very small and they were not investigated further. 

A single passage of the monocarbony! derivatives through 9-inch beds of 
adsorbents gave the 8 preliminary fractions with yields shown in Fig. 2 
Fraction A moved fastest; fraction H, slowest. Of these, only fraction H 
(acetaldehyde-2,4-dinitrophenylhydrazone) proved to be pure. The yield of 
this fraction shows that it was by far the most abundant carbonyl derivative 
isolated. Other preliminary fractions when readsorbed and again chromato- 
graphed showed the presence of more than one component. Chromatography 
of these fractions was repeated until no further purification could be observed 
or until the size of the fraction became too small to permit futher manipulation. 
In Fig. 2 under “purified fractions” are listed the numbers of the fractions 
which were resolved in a sufficiently pure state to permit partial or complete 
identification. From this figure it is apparent that preliminary fraction A 
yielded 3 purified fractions (1, 2 and 3), B yielded 3 purified fractions 
(4, 5 and 6), etc. Hence the purified fractions are listed in the actual order 
of their movement down the column and this order of listing is carried over 
into Table 1. 

It is clear from an inspection of the yields in Table 1 that not all of the 
hydrazone encountered in the preliminary fractions is accounted for as purified 
material. Excluding acetaldehyde 2,4-dinitrophenylhydrazone (which is 
entirely accounted for in preliminary fraction H) purified fractions 1 through 
16 account for 60% of the hydrazone present in preliminary fractions, A 
through G. Most of the material not accounted for probably represents 
mixtures of hydrazones identified in this study which were obtained as 
fore-runs and after-runs of a necessarily small fraction taken in cases of 
difficult separation to help insure obtaining a sample of sufficient purity to 
permit characterization. On the other hand, an appreciable portion of the 
hydrazone not accounted for doubtless represents unidentified derivatives 
which were not resolved. This is particularly true for preliminary fractions 
E and G from which only 1.4% and 20%, respectively, of purified material 
was obtained. 

As indicated in Tables 1 and 2, 15 of the 17 monocarbonyl derivative 
fractions isolated chromatographically were identified by comparison with 
authentic derivatives with respect to 3 or more of the following criteria: 
melting point, elemental composition, chromatographic behavior, crystal- 
lographic properties, ultraviolet and infrared absorption spectra. Except for 
acetone and methyl ethyl ketone, all of these are derivatives of aldehydes, 
namely, the n-alkan-l-als containing 2, 3, 4, 5, 6, 8, and 9 carbon atoms, the 
n-alk-2-en-l-als containing 5, 6, 7, 10, and 11 carbon atoms, and n-hepta- 
2,4-dien-1-al. 

Identification of fraction 14 (Table 1) as a mixture of the 2,4-dinitro- 
phenylhyrdazone derivatives of n-butanal and methyl-ethyl-ketone seems open 
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TABLE 2 
Analysis of purified 2,4-dinitrophenylhydrazone fractions 


Carbonyl Compound 
Fraction and Formula of 
Number! Hydrazor 
6 n-deca-2, 4-dien-1-al 
n-hepta-2-en-l-al 
n-hexanal 
acetone 
Ce.HwO.N, 
act taldehyde 
CsHsO.N, 


P root 


rdon 
these ompounds cannot be 

method used here. Similar results we 

this separation with authentic samp! Hence separation of 


n-butanal-2,4-dinitrophenylhydrazone (fraction 13) in this study 


mixture which apparently also contained the derivative of methy]-ethyl-ketone 
appears to have been a fortuitous occurrence. In any event on further column 
chromatography of fraction 14 neither pure n-bu 

derivative could be obtained. However Lynn et al 

2 hydrazones may be readily separated by paper chromatog 
fraction 14 was so chromatographed, 2 well-separated spots, movit 


distances 
identical to those of authentic n-butanal and methyl-ethyl-ketone 2,4-dinitro- 
phenylhydrazones were obtained. In addition the infrared spectrum of fraction 
14 was compatible with the fact that it was a mixture of these 2 derivatives 
These results, together with microscopic examination of properties of individual 
crystals obtained from fraction 14, indicate that it consists of a mixture of 
n-butanal and methyl-ethyl-ketone derivatives. 

Although the remaining 2 monocarbonyl derivative fractions (Nos. 3 
and 6) have not been definitely identified, they are believed to be derivatives 
of 2,4-dien-l-als because of their absorption spectra. This structural feature 
is indicated by their maximum ultraviolet absorption in chloroform solution 
at 389 my (1, 4, 5, 13). Their infrared spectra also agree with those of 
authentic n-hepta- and n-hexa-2,4-dien-1-al-2,4-dinitrophenylhydrazones with 
regard to two significant features distinguishing these 2,4-dien-l-al derivatives 
from authentic 2-en-1l-al derivatives, namely, absence of a sharp distinct peak 
at 6.1 » anc the location of the out-of-plane C-H deformation frequency 
near 10.0 ». Fractions 3 and 6 show melting points close to that reported 
for n-deca-2,4-dien-1-al-2,4-dinitrophenylhydrazone (5,9). Elemental analysis 
of fraction 6 (Table 2) is also compatible with its being this compound. 
The infrared spectra of fractions 3 and 6 differ only in the relative intensities 
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57.82 57.3 6.07 6.2 16.8 
53.42 53.4 5.52 5.5 19.17 ° 
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of 2 weak bands near 8.0 p». The relative intensity of the C-H stretching 
bands near 3.4 » with respect to the N-H stretching band at 3.05 » for both 
fractions is about the same as for authentic n-deca-2-en-1-al-2,4-dinitro- 
phenylhydrazone. This suggests a chain length of about 12 carbon atoms 
for these two 2,4-dienal derivatives. The above evidence suggests that fractions 
3 and 6 are derivatives of 2,4-dien-1-als which are probably adjacent members 
of a homologous series or consist primarily of the same major component 
differing mainly in degree of purity. Conclusive identification of fractions 
3 and 6 must await availability of authentic samples. In this connection, a 
general method of synthesizing 2,4-dien-1-als would be desirable. The authors 
l thod described in the experimental section before it 


had developed the m«e 
was learned that recently Forss, 
scheme which was identical except that they used 


idize the dienols to the corresponding aldehydes. They 


Pont, and Stark (5) had developed a synthetic 


manganese dioxide instead 


of chromic acid to ox 
report that manganese dioxide converts the dienols to the aldehydes in yields 
ing agent, instead of chromic acid, 


of about 50°. Hence use of this oxidizing 
of synthesizing the 2,4-dien-l-als in 


considerably improves the prospect 


acceptable yields by this route 


DISCUSSION 


lo the authors’ knowledge, the carbonvl compounds listed in Table 
have not been previously identifi d among the volatile mponents of cooked 
chicken or of other cooked meats. in appraising the significance of these 
findings, some discussion of isolation proc dures is necessary. In preliminary 
experiments the authors have isolat d volatile carbonyl compounds, as the 
2 4-dinitrophenylhydrazone derivatives, Irom chicken broth distillate and 
from steam evolved when chicken 1s simmered in water from 3 to 4 hours 
Preliminary chr tog ( these hvdrazones indicated presence of a 
considerable number of carbonyl « nounds. However, th ield of hydrazone 
obtained under these conditions was so low that these methods appeared to 
offer little hope gh 2.4-dinitrophenylhydrazone to permit 


nt a tl m ¢ covered 


gether 


Ye expected to include those which arise through oxidative processes in 
addition to or in greater amount than would be found in the corre sponding 
fraction isolated from chicken coe ked under normal conditions cooking time 
3 to 4 hours without passage of air through the cooking mixture). Hence 
carbonyl compounds 1 lentified here probably inclu le both those which may 


constitute a part of normal flavor and those which may be associated with 


off-flavor. 

Results obtained here raise several interrelated questions. One 1s determina- 
tion of what contribution these carbony! compounds make to poultry flavor. 
Another is the question of how the carbonyl fraction isolated from chicken 
cooked under normal conditions would compare to that obtained in this study. 
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Still another is the nature of the precursors which give rise to their formation. 
These questions cannot be answered until additional work is carried out 
However, it is of interest to discuss them briefly in terms of available evidence. 

One can postulate that fatty acids in the chicken fat are precursors of 
some of the aliphatic aldehydes and that the latter arise through oxidative 
cleavage at points of unsaturation in the fatty acid chain. This conjecture 
is based on the many reports in the literature concerning isolation of various 
carbonyl compounds from oxidized fats (10). In this connection it should 
be mentioned that some of the carbonyl compounds isolated here, particularly 
the unsaturated aldehydes, have been associated with off flavors in oxidized 
fats (10) and in oxidized skim milk (4, 5). 

On the other hand, as mentioned above, the authors have isolated carbony] 
compounds from the volatile components of chicken cooked under normal 
conditions. This means that carbonyl compounds are normally present to 
some extent among volatile components of cooked chicken and hence could 
constitute an important part of its characteristic aroma. It is important 
therefore to determine which carbonyl compounds are normally present and 
which may be associated with oxidized or rancid off flavors. It is expected 
that this will be the subject of a future investigation 


SUMMARY 


Air was passed through a simmering mixture of chicken and water during 
a 20-hour period with passage of the exit gases through 2,4-dinitrophenyl- 
hydrazine solution. This procedure resulted in a yield of 7.8 g. of 2,4-dinitro- 
phenylhydrazones from 31.4 kg. of chicken. Fractionation of the 2,4-dinitro- 
phenylhydrazones resulted in the separation of 18 compounds. Conclusively 
identified were the derivatives of diacetyl, acetone, normal aliphatic saturated 
aldehydes containing 2, 3, 4, 5, 6, 8, and 9 carbon atoms, normal aliphatic 
2-en-1-als containing 5, 6, 7, 10, and 11 carbon atoms, and n-hepta-2,4-dien- 
1-al. Evidence was also obtained indicating the presence of 2,4-dinitrophenyl- 
hydrazones of methyl-ethyl-ketone and of two unidentified 2,4-dien-1-als. 
These results provide new basic information about the identity of volatile 
components of cooked chicken and may be useful in determining the contri- 
bution that carbonyl compounds make to typical chicken flavor or off flavor. 


Acknowledgment 


The authors thank K. J. Palmer for X-ray diffraction data, H. J. Dutton for sup- 
plying an authentic sample of 2-pentenal-2,4-dinitrophenylhydrazone, L. M. White 
for ultimate analyses, and Edith Gong for obtaining the absorption spectra 


LITERATURE CITED 


1. Braupe, Ernest A., anp Jones, E. R. H. Studies in light absorption. Part II. 
2,4-Dinitrophenylhydrazones. J. Chem. Soc., 498 (1945). 

2 Bryant, W. D. Dynamic isomerism of acetaldehyde 2.4-dinitrophenylhydrazone. J 
Am. Chem. Soc., 60, 2814 (1938). 

3. R., anp S. Sur les aldehydes a,6-ethylénigues 4 chaine 
linéaire. Bull. Soc. Chim. France, 53, 301 (1933). 

4. Forss, D. A., Pont, E. G., AND STARK, W. The volatile compounds associated with 
oxidized flavor in skim milk. J. Dairy Research. (Australia), 22, 91 (1955) 


— 
e 


VOLATILE CARBONYL COMPOUNDS OF COOKED CHICKEN. I. 113 


_W. Further observations on the volatile com- 


Forss, D. A., Pont, E. G., AND STARK 
in skim milk. J. Dairy Research (Aus- 


pounds associated with oxidized flavor 
tralia), 22, 345 (1955). 

Gorpon, B. E., Worat, Frep, Jx., BURNHAM, H. D.. anv Jones, L. C., Jr. Analysis of 
mixtures of aldehydes and ketones. Anal. Chem., 23, 1754 (1951). 

Lynn, WutraM S., Jr., STEELE, Lots A_ AND STAPLE, Ezra. Separation of 2,4-dinitro- 
phenylhydrazones of aldehydes and ketones by paper chromatography. Anal. Chem., 
28, 132 (1956) 

MaLmperc, Ear: W. A matographic study of carbonyl compounds present in a 
hydrocarbon-air flame. J. Am. Chem Soc., 76, 980 (1954). 

sxp Davesert, B. F. The preparation of 2-heptenal 


im. Chem. S 70, 2601 (1948). 

Recent studies on the mechanism of fat oxidation in its relation 
} 6 (1954). 

dicarbonyl compounds. 


lotermination 
eterminalion 


utions. Arch. Biochem., 7, 211 


erization of volatile nitrogen at d volatile 
heir relation to flavor. F d Technol., 11, 


pectra of some 2.4-dinitrophenylhydrazones. 


reversion in soybean oil. VI. Isolation and 


unhardened soybean oil. J. 4 


identification m, Oil Chem. 
Soc., 27, 374 (1950) 


6. 
9. M 
and 2-nonenal. J 
10. Morris, Stewarp G 
to rancidity. J. A J 
11. NEWBERG, CARL, AND 5 
On the coloring of nitro compounds 1n ainatn 
sulfur fractions of cooked chicken and : 
13. Roserts, J. D., aND GREEN, ‘ Absort ion i 
J. Am. Chem. S 68, 214 (1946 m 
14. STA! 
it 


EFFECT OF NON-ANTISCORBUTIC REDUCING SUBSTANCES 
UPON THE ASCORBIC ACID CONTENT OF 
BAKED POTATOES*” 


JANET WILSON McAFEE‘ anp JOHNNIE H. WATTS 


The Carver Foundation, Tuskegee Institute, Alabama 
(Manuscript received August 27, 1957) 


A large volume of information concerning the effect of heat on the 
ascorbic acid content of vegetables has been accumulated. Of the various values 
reported, the effect of baking on the potato shows the greatest variation. 
Olliver (6) found losses ranging from 19-59°% in the ascorbic acid content 
of baked potatoes. Hollinger (2) found that 76° of the ascorbic acid in 
the raw sweet potato is present in the baked potato. On the other hand, 
Scoular and Eakle (17) found in three varieties of baked sweet potatoes 
a 0.15-85% loss in ascorbic acid and in three other varieties, a 12-130% 
increase. Other investigators have found increases in ascorbic acid content of 
potatoes on baking (3, 12). 

This study was undertaken to determine the effect of baking on the true 
ascorbic acid content of potatoes. In the beginning phase of this work, it 
was found that baked potatoes, assaved with their peelings, showed an apparent 
gain in ascorbic acid when compared with raw potatoes. In view of this, a 
critical evaluation of the ascorbic acid content of potatoes baked to a series 
of internal temperatures was undertaken. Three different chemical methoc 
were chosen for measuring the ascorbic acid content of potatoes. By use 
these methods, the effect of non-antiscorbutic reducing substances upon the 
true ascorbic acid content of potatoes has been determined. 


MATERIALS AND METHODS 


Securing and handling of potatoes. Sweet potatoes, obtained from tl 
mental farm, Tuskegee Institute, were used in some of the experiments : 
potatoes in others. White potatoes were not available at the school farm and 
purchased, as needed, from local markets. Potatoes were cleaned, rinsed with glass 
distilled water, wiped dry, weighed, and stored at 2° C. until the time of assay. At all 
times, analyses were made on both the raw and the baked potatoes. ; 

Cooking. Baking was done in an electric table oven preheated to 450° F. and 
maintained at this temperature throughout the baking period. Internal temperature 
was determined with a Leeds and Northrup Precision Potentiometer, using a thermo- 
couple consisting of 30-gauge iron and constantan wires. For experiments in which 
the potatoes were to be cooked to a series of 6 internal temperatures, 8 potatoes were 
matched for shape and weight. One was analyzed raw. The remaining 7 potatoes were 
weighed precisely, the thermocouple was inserted into one of them, and the 7 potatoes 
were put into the oven at the same time. Since the potatoes had been matched for shape 
and weight, it was assumed that the temperature of each potato was the same at all 

* A portion of a thesis submitted by Janet Wilson McAfee to the Graduate Com- 
mittee of Tuskegee Institute in partial fulfillment of the requirements for the degree 
of Master of Science. 

» Supported by a Frederick Gardner Cottrell Grant from the Research Corporation. 
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g period. As the e.m.f. corresponding to the desired temperature 
ne of the potatoes which did not contain the thermocouple was with- 


t 


drawn and assayed as the sample for that particular temperature. 

For experiments in which the potato was to be cooked to doneness, namely 90° C., 
2 potatoes similar in weight and shape were selected. One-half of one potato consti- 
tuted the raw sample and the complementary half was weighed and wrapped in alumi- 
num foil for I ng and subsequent use as the cooked sample. One-half of the second 
D was a 1 the ther ev rted it y half. When 
the e.m.f. corr t g to 90° C. was ed, the p 1ad not been 

l by the thermos 
Ascorbic acid assays. 


DISCUSSION AND RESULTS 
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Figure 1. Ascorbic acid content of sweet potatoes baked to a series of internal 
temperatures. 
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acid protects the vitamin from rapid oxidation reactions which occur upon the libera- 
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to a series of internal temperatures, as determined by the procedure of 
Loeffler and Ponting, is reported in Figure 1. The average ascorbic acid 
content for raw sweet potatoes was 24.8 + 9.1 mg,, 100 g. The average 
ascorbic acid content of sweet potatoes ranged from 18.8 + 5.0 mg. 100 g. 
for those baked to an internal temperature of 45° C. to 27.1 + 6.6 mg,, 100 g. 
for those baked to an internal temperature of 90° C. Weights of potatoes 
were taken before baking; these values are for 100 g. potato, raw weight 
basis. Retention figures for the data in Figure 1 show that the ascorbic acid 
content of sweet potatoes baked to temperatures below 75° C. is less than 
that of raw sweet potatoes, whereas sweet potatoes baked to 75° C. and above 
contain more ascorbic acid than do the raw potatoes. The ascorbic acid 
content of the baked potato exceeded that of the raw potato at a temperature 
between 65° C. and 75° C. At all temperatures above 45° C., except at ge’ s... 
there was a steady increase in ascorbic acid content. Above 45° C., it appears 


that an increase in internal temperature during baking is associated with 
an increase in ascorbic acid content. The average retention of ascorbic acid 
in potatoes cooked to doneness was 109%. This value confirms the data of 


Watts and Griswold (12), Scoular and Eakle (11) and Leichsenring and 
co-workers (3) who reported retention values of 108%, 112-230°%, and 
I 
109% in baked potatoes, respectively. 
Roe and Oéesterling (9) have suggested that higher values sometimes 


observed with the indophenol method for the determination of vitamin ¢ 
in heated plant tissues are probably explained by the inactivation of ascorbase 
of the tissue, with resultant preservation of the reduced form of the vitamin. 


From the data in Figure 1, it would seem that ascorbase 1s active in the 
destruction of the vitamin at temperatures between 30° C. (room tempera- 
ture) and 45° C. Ponting and Joslyn (7) report 43° C. as the temperature 
maximum for ascorbase activity and 6.0-6.8 as the range for pH opti- 
mum. In our experiments, conditions were favorable for the ascorbase 
oxidation of vitamin C at temperatures as high as 45° C. It does not seem 
feasible to assume that at temperatures above 45° C., the inactivation of 
enzymes could cause more of the vitamin to be present than at 45° C 
Therefore, having determined ascorbic acid values at a s¢ ries of temperatures 
between room temperature and the temperature of doneness, the increase in 
apparent ascorbic acid content is shown to be due to some factor other than 
enzyme inactivation. The increase in apparent ascorbic acid content of cooked 
potatoes is not shown when potatoes are cooked to doneness by moist heat, 
i.e., steaming, boiling, pressure-cooking (J). 

When total ascorbic acid—reduced plus dehydro—was determined in six 
replicates, it was found that the amount of total ascorbic acid in baked white 
potatoes exceeded the amount in raw white potatoes. For each replicate, 
the raw and the baked samples were obtained from respe ctive halves of a 
single potato. The average total ascorbic acid content of the raw potatoes 
was 11.0 + 3.3 mg./100 g. and the baked potatoes, 18.6 + 7.3 mg./100 g., 
raw weight basis. The average retention was 173% 

Data obtained when potatoes were baked to an internal temperature of 
90° C. and the ascorbic acid content was determined by the modified indo- 


phenol method of Robinson and Stotz are shown in Table 1. In this method, 
the oxidized indophenol was quantitatively extracted from one sample of 
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potatoes (m 
Replicates lotal reducing substances Reductones Reduced ascor ici Fa 
Raw Baked Raw Baked Raw Baked eee 
I 8.3 8.5 6.2 7.1 2.0 1.4 ae 
II 10.1 10.2 9.0 10.1 1.1 om 
13.5 11.3 8.5 9.4 5.0 2.0 
- 
16.9 13.2 14.7 2.2 0.1 
\ 25.1 26.3 21.5 3.5 3.2 
Vi 17.2 17.9 9 0.5 
VII 13.1 15.9 10.9 | 
Average 1449+5.6 148 6.1111.62% 5.1 = 9.5) <1 
the potato filtrate with xylene Formaldehyde was added to another sample ae 
; : 
of the same potato extract to i t with reduced ascorbic acid, thereby ee | 
removing it; the indophenol was then added ane xtracted, as before, to fe 
give a measure of the reductones present. oe and § lester d 7 
the interference of enediol-type compounds, 1s appreciabi - a 
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Mata in Table 1 indicate that sigmificant am unts of reducing substances, In 
addition to ascorbic acid, are present in bot the raw and the baked potato ; 
filtrates. The extent of error in as rbic acid determinations due to the _ 
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potatoes, as determined by the 1 dophenol method, was 109%. The retention 
of total ascorbic acid reduced + dehydro—in baked white potatoes was 
173%. The retention of total reducing substances in baked hite potatoes 
vas 99%, as dete ied by the indophenol-» ylene extraction m thod: how- 
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substances. Data ol tained by three different methods ¢1 hasize the importance 
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method to be adopte were made by tne autnors ihese are resentcea 
below 
method prov u cessiu titres ben btained in the blank tubes. Several 
methods described in the literatur “ae 12. 17, 19, 20, 22) were tried but did not 
vield satisiactory assay Heathcot reported that the e of thetic media 
" y f cystine gave erratic va medium utilizing peroxide-treated peptone 
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Figure 1. The standard curve. 
and the assays carried out. Very low values in comparison with literature values were 
obtained. 

This prompted an investigation of the conditions for hydrolysis of food materials to 
obtain the best results. Alkali destroys cystine; hence, it is unsuitable as an hydrolyzing 
agent. Hydrolysis by acid in the presence of large amounts of carbohydrates as occurs in 
complex materials like foodstuffs also leads to loss of cystine (15). Miller et al. (78) found 
that autoclaving of wheat with 4N HCl for 1 hr. gave maximum values of cystine. It was 
felt by the present writers that maximum values need not necessarily reflect maximum 
liberation of cystine and subsequent destruction inasmuch as peptides of amino acids have 
been reported to give higher response than the corresponding equivalent quantity of amino 
acid in microbiological methods (9). Consequently, maximum values might represent 
completely liberated cystine with or without admixed peptides of cystine. A solution to 
this problem would have been to adopt a method capable of estimating free cystine in the 
presence of its peptides. The highly specific Sullivan’s method would not be sensitive 
enough to detect cystine in food protein hydrolysates. Recovery experiments with added 
cystine would be fallacious since peptide cystine undergoes quicker destruction by acid in 
the presence of carbohydrates (2) than free cystine. 

The approach. Hence, it was thought that a simultaneous examination of cystine 
and amino nitrogen liberated after hydrolysis of the cereal samples with 2.5N HC) for 
stated periods would reveal the optimum hydrolysis conditions for the maximum release 
of cystine. 

Preparation of samples. One gram samples each of rice and wheat were hydrolyzed 
for 1, 2, 3, and 6 hrs. at 15 Ibs. pressure and the hydrolysates were prepared for assay as 
described in an earlier communication (3). A mixture of 900 mg. of pure starch, 2 ml. of 
peroxide-treated peptone used for the basal medium (corresponding to 100 mg. peptone), 
1.5 mg. each of dl-methionine and dl-tyrosine, 2.0 mg. of dl-tryptophane and 2.0 mg. of 
l-cystine was similarly autoclaved with HCI for the different periods to simulate a system 
of free cystine in the presence of carbohydrates and other amino acids as is likely to occur 
during the hydrolysis of a cereal. The degree of loss of cystine was determined at the 
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end of different periods. In the hydrolysates of rice and wheat the amino nitrogen was 
determined by the copper method (1). Three independent trials were carried out and the 
average figures obtained in the three assays were used in the calculations. 


RESULTS AND DISCUSSION 
Cystine in rice and wheat. The data on cystine and amino nitrogen con- 
tent are presented in Table 1. 
TABLE 1 
Effect of time of hydrolysis at 120°C on the release of cystine and amino nitrogen. 


Wheat 


Assuming that the ami 
case of the rice and wheat samples, the percentage release of amino nitrogen at 
the end of 1, 2 and 3 hrs. was calculated and plotted against time. The amoun 
of cystine liberated at the end of various periods was also plotted in the same 
graph (Figs. 2 and 3). Both the curves intersect at more than one point. It 
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Figure 2. Effect of time of hydrolysis on the release of amino-nitrogen and cystine 
from the proteins of rice. 


Time of hydrolysis 
Material hrs 6 hrs 4 
Cystine content (mg. per cent 
Rice 108 183 140 37 
Wheat 171 23? 22 > 
Starch-peptone-amino acids- 
cystine systen see text) a 
(2 mg. cystine 2.0 mg 1.9 mg 1.91 1.45 me a 
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Figure 3. Effect of time of hydrolysis on the release of amino-nitrogen and cystine 
from the proteins of wheat. 


was considered that at a point nearer the maximum degree of hydrolysis 
peptide-bound cystine is likely to be present in the least amounts and as such, 
this point of intersection may represent the best value for free cystine in the 
material concerned. At the earlier points of intersection, since the hydrolysis 


has not reached its peak as revealed by the amino nitrogen data, the cystit 


content may be made up of the free form with or without the peptide-bound 
form and thus may not represent the true value. Such an approach presupposes 
a belief that the release of amino nitrogen will be concomitant with the release 
of cystine, and thus enable it to be estimated at a time when maximum libera- 
tion and minimum destruction have occurred. 

Optimum conditions. The experiments with a starch-peptone-amino 
acids-cystine system indicated that destruction of free cystine occurs only 
after hydrolysis with acid for 2 hrs. The results obtained with rice and wheat 
showed that hydrolysis for a period between 214 and 2% hrs. with 2.5N HCl 
might represent the optimum conditions for hydrolyzing cereals to get the best 
representative values for cystine. For reasons not accessible to the present 
writers, Hankes et al. (10) also adopted hydrolysis for 3 hrs. with 2N HCl for 
estimating cystine. These conditions are also akin to what have been observed in 
the present study. 

The cystine content of rice and wheat as obtained from the curves (Figs. 2 
and 3) is given in Table 2. The literature values appear to be rather low 
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TABLE 2 
Cystine content of rice and wheat. 


Studies with fibrin and egg all umin. Experiments were also ¢ 
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TABLE 3 
ne content of fibrin and egg albumin. 


hydrolysis of fibrin for approximately 6 hrs. and egg albumin between 2 and 3 
hrs. appear to compare we 1] with literature values. The true value can perhaps 
be best found by carrying out a parallel study of amino nitrogen release also 
as was done with rice and v heat 


SUMMARY 


Failure was encountered using several methods reported in the literature 
for the microbiological assay of cystine. A medium prepared from hydrogen 
the best for the assay with L. mesen- 


peroxide treated peptone was found to be 
teroides strain P-60. 

The usual 6 hr. hydrolysis of cereals resulted in lowered values. A simul- 
nino nitrogen and cystine released from rice and wheat 
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by hydrolysis with 2.5N HCl for various periods indicated 214 hours as the 
optimum period for hydrolysis. 

Experiments with two pure proteins, fibrin and egg albumin also pointed 
to the need for a parallel study of amino nitrogen release to arrive at the true 
cystine value. 
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NOTES AND LETTERS 


EFFECT OF METABOLITES ON THE VIABILITY OF 
HEAT-TREATED PSEUD( YMONAS FLUORESCENS * 


Recent investigations (3, 4) indicate that the characteristics of the plating 
medium and the time and temperature of plate incubation may affect the 


enumeration of heat-treated pseu omonads. Heinmets ¢ 


t al. (5), however, 
ported that Esch richia coli B/r inactivated by heat, chlorine or ethanol 
could be reactivated when incubated with certain Krebs ¢) cle metabolites 
Garvie (2) reported multiplication of chlorine-treated cells of E. coll in 
buffer solutions plus metabolite and considered the “reactivation” process 
the result of the multiplication of a few survivors. In this tudy the 
effect of metabolites on heat-treated P. fluorescens (strains 2 and 3) was 
investigated. 


The cultures were grown in a broth containing glucose 
1 g. KH2PO, | g., water 11., pH 7.0. The gr wth whic 
24 hours at 25° C. was collected by centrifugation, wz 
phosphate buffer (0.0003M, pH 7.0) and re-susy ended 


heating trials one ml. of this suspension was ad led to 99 ml 
> i 


buffer (pH 7.0) adjusted to the desired temperature in a 
waterbath. The suspension was agitated continuously by a stirrer. Samples 


constant 
were withdrawn into sterile screw-cap test tubes submerged in ice water 
Aliquots of the samples before and after heating were plated on Tryptone 
Glucose Yeast (TGY) and “Synthetic” agar | SY) which contained the same 
ingredients as the broth with 15 g. of agar per 1. Aliquots of the non-heated 
and heated cultures were added | 1:1 ratio) to phosphate buffer (pH 7.0) 
and buffer plus various additives (0.2%). The mixtures were incubated at 
25° C. for 3 days. The various materials were sterilized by filtration through 
Seitz filters. The heat treatment was considered lethal when one ml. of the 
culture did not show survivors on TGY agar and did not show growth in 
nutrient broth after incubation at 25° C. for 5 days. If no visible growth 
was present in nutrient broth one ml. of the broth was plated on TGY agar. 
Incubation of a few survivors ( Figure 1, 55° C., 5 min., and 60° C., 1.5 min.) 
with a mixture of 11 metabolites considerably increased the number of viable 
cells. No viable cells could be detected in suspensions which before incubation 
with metabolites did not show survivors on TGY agar (60° C., 2 min.). The 
pattern of response of non-heated cultures to incubation with buffer and buffer 
plus metabolites was very similar to that obtained with cultures heated a 55° C. 
A considerable increase in viable cells was observed when heated suspensions 
were incubated with isocitric acid, sodium citrate or a mixture of 11 metabo- 
lites (Table 1). Growth, however, was observed only when survivors were 
found on TGY agar before incubation with metabolites. It is unlikely that 
these compounds merely protect the cells from the destructive action of 
common diluting fluids, in view of the marked increase in the number of 
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viable cells after incubation with certain metabolites. The possibility exists 
that these compounds provide some form of readily available energy. 


60°C. 2MiIN, 


3f @ 60°C. 1.5 MIN. 
@55°C. 5 MIN. 
METABOLITES 
---BUFFER ONLY 

2 > 


LOG. COUNT PER ML, 


TIME OF INCUBATION WITH 
METABOLITE (DAYS) 


Figure 1. Effect of incubating heat-treated P. fluorescens 2 with buffer and 
metabolites' on the number of viable cells’. 


t See Table 1. 
2 Counts were made on tryptone glucose yeast agar. 


Subsequent experiments showed a considerable increase in viable cells 


when a few heat-treated survivors were incubated with beef extract, casamino 
acids, nutrient broth, synthetic broth or yeast extract. At no time were viable 
cells detected when the heated suspensions before incubation with nutrients 
or metabolites did not show survivors on TGY agar. The data presented 
are representative of those obtained in five independent trials. Recently, 
Chambers et al. (1) also were unable to obtain reactivation of “killed” cells 
of E. coli by incubation with various metabolites. 
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THE ROLE OF METHIONAL AS A FLAVOR COMPOUND® 


The importance of methional (3-methylthiopropanal) as a flavor com- 
pound in certain foods has been suggested in recent years. Patton (6) reported 
that the compound exhibited a broth-like flavor at the proper concentration 
and suggested that it may have general significance in the flavor of a variety 
of foods. Recently, Keeney and Day (2) suggested that methional may play 
a prominent role in cheese flavor. Consequently, the article by Witting and 
Batzer (9), suggesting that methional sulfoxide (3-methylsulfinylpropanal ) 
instead of methional is the flavor compound and their claim that methional 
is odorless, pointed to the necessity for re-evaluation of previous work and 
the accumulation of additional data in order to clarify the problem. The results 
of our investigation are contrary to the proposal of Witting and Batzer (9) 
and verify reports (2, 5,6) that methional is a potent organoleptic compound. 


Fresh methional was synthesized from acrolein and methyl mercaptan by 
the procedure of Pierson et al. (8). The crude product was purified by 
distillation through a fractionating column packed with glass helices at 40° C. 


and 8 mm pressure and was collected into a receiving tlask cooled by an ice 


bath. A portion of the methional was placed into vials, sealed and refrigerated 
I 


we 


until used for infrared and mass spectrometric analyses; the remainder was 


used for immediate studies which included odor and flavor observations, 
determinations of refractive index and density, and preparation of the 
2,4-dinitrophenylhydrazone (2,4-DNPH). These studies were conducted on 


both the fresh sample an 1a Samypue aiter exposure to air tor two hours. 


Che cold receiving flask was examined (4 observers) immediately after 
breaking the vacuum and a strong odor, previously associated with methional 
from the Strecker degradation of methionine, was noted. The odor of the 


flask did not change after prolonged exposure to air. The refractive index 


> 


n — 1.4800, n 1.4770 was constant for both the fresh and the air ex; 
) 


20 
material. The density was d * 1.053, d —- 1.049. The molecular refractivity 
4 + 


of the air exposed methional was 28.6 at 20° C., while the theoretical for 
methional is 28.66 (4). 
A portion of the air exposed methional was reacted with a IN H.SO, 


solution of 2,4-dinitrophenylhydrazine and the crude product was recrystal- 


lized from aqueous methanol solutions to a constant melting point of 
121-121.5° C. (corrected). Elemental analysis of the 2,4-DNPH gave the 


following percentages: C = 42.46, H 4.16, N = 19.69, S 11.00, 
O = 22.69 (calc.). Theoretical values for the 2,4-DNPH of methional 
(Colt ONS) ave: C = 4225, H — 425, N = 1971, S 11.28, 
O = 22.51, and for the 2,4-DNPH of methional sulfoxide (CyoH,;20;N4S) 


are: C = 39.99, H = 4.04, N = 18.66, S 10.68. O = 26.64. 
Equal quantities of the purified 2,4-DNPH were used to regenerate the 


* Scientific Article No. A. 648, Contribution No. 2837, of the Maryland Agricultural 
Experiment Station, Dairy Department. 
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r atmospheres 


free methional by the levulinic acid method of Keeney (3) unde 
bubbled into a regeneration tube and 
‘ed in a U tube cooled by an ethanol-dry ice 
cold traps possessed a strong odor which we attributed 


of nitrogen and oxygen. Each gas was 
the liberated methional was trap} 
bath. In both cases the 


to methiona 


Infrared spectra of fresh meti ‘onal and a sample which had been flushed 
with oxygen for 45 minutes were ¢ mpletels superimposable. Consequently, 
it was believed that if minut changes were occurring in methional the mass 


ith thio 
+} 
ethylthiopropioni 
propionic cid), and 152 for the sulfone of the acid 
ic , the percent s of impuritie 


soldat 
fresh methional sampie and an Vere 


exhibited base 


+ 


were not d 


for methional sulfoxide (m/e 120). The largest peak of the impurities was 
m/e 136 (.007°% for the fresh sample and .029% for the oxygenated sample) 


which is indicative of m« thional sulfone or the sulfoxide of 3-methy Ithiopropi- 


onic acid 

The insignificance of the observed impurities in the methional odor was 
‘cation of the flavor threshold procedure described by 
Patton and Josephson (7). The flavor threshold value of methional was 
determined using fresh pasteurized homogenized milk as the diluent. A value 
of 16 p.p.b. was found as the average threshold at the 50% level. Similar 
values were observed with water as the diluent. If the impurity rather than 
methional gave the flavor, the threshold would be in the range of 1 to 5 p. p. tr 
Such a low concentration is beyond the detectable range for any compound 
ever reported. It is noteworthy, that during this determination of threshold 
some of the observers characterized the samples containing low levels of 
methional (10-40 p.p.b.) as having sunlight-milk flavor, while the samples 


demonstrated by appl 


containing high levels (1-2 p.p-m.) were characterized as cheesy. 

For a comparative study, the authors are grateful to Witting and Batzer 
for a sample of the methional used in their investigation (9). Two mass spectra 
were obtained, one before and one after exposure to air for 5 days. Both 
spectra were comparable to ours with respect to base and parent peaks and the 
lack of evidence for methional sulfoxide. The Witting sample showed more 
impurity in the lower m/e region and the largest peak in the higher m/e 
region was 136 which is indicative of the sulfone or sulfoxide-acid. It should 
also be pointed out that, in the opinion of the authors, the Witting sample 
exhibited an abundance of odor when the vial was first opened. 


The evidence accumulated in this investigation is in direct disagreement 
with the findings of Witting and Batzer (9). The strong odor of the freshly 
distilled methional and of that which was regenerated from its 2,4-DNPH 
indicate that oxidative conditions are not required for odor 


under nitrogen, 


tar the 
spectromete letected simce tne 
of methional should be readily 
1y oxidation product shinnal culfoxide Of 
ne metnyvis wiony: 
1 
(3-meth sulfiny!- 
> loalfanvinropi- 
3-methyisulfonyipt! 
termi? 
are easily determined. 
us used to obtain spectra a 
as u I 
flushed sample. Both spectré 
ot peaks at 104. Some impurities 
‘ hut 1 ‘ 1g 
a 
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The fact that bubbling oxygen through a sample for 45 minutes produced a 
change in possible oxidation products (none of which was methional sulfoxide) 
of only .022% suggests that the thio ether linkage is rather stable to oxidative 
conditions. This fact was previously demonstrated by Witting and Batzer (9) 
in the preparation of the methyl ester of 3-methylthiopropionic acid when they 
employed 30% hydrogen peroxide to oxidize methional to the acid prior to 
esterification. If the thio ether linkage was oxidized as readily as proposed, 
it would be difficult to obtain an appreciable yield of 3-methylthiopropionic acid. 

Information in the literature (1), as well as general experience, support 
the fact that as the sulfur in a molecule is oxidized, the odor diminishes and 
that sulfoxides are odorless. Sulfides, in general, are more stable than sulf- 
oxides to oxidation. It appears that methional is no exception since the 
evidence presented proves it to be an odorous compound. Furthermore, the 
presence ot methional sulfoxide in methional preparations could not be demon- 
strated under any of the conditions employed. 
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Errata: In the paper, “The Responses of Hamsters to a Natural-Type Diet containing 
Emulsifiers,” Foop Researcu, 22, 273-286 (1957) : 

Figure 1 (page 276) change “rats” in legend to “hamsters” 

Figure 2 (page 280) change “rats” in legend to “hamsters” 
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